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PROFILE SURVEYS OF RIVERS IN WISCONSIN. 



Prepared under the direction of W. H. Hebron, Acting Chief Geographer. 



INTRODUCTION. 

In order to determine the location of undeveloped water powers 
the United States Geological Survey, alone and in cooperation with 
vState organizations, has from time to time made surveys and pro- 
files of some of the rivers of the United States that are adapted to 
the development of power by low or medium heads, ranging from 
20 to 100 feet. 

The surveys are made by means of plane table and stadia. The 
elevations given are derived from primary or precise levels deter- 
mined by the United States Geological Survey. The maps are made 
n the field and show not only the outlines of the river banks, the 
blands, the positions of rapids, falls, shoals, and existing dams, and 
the crossings of all ferries and roads, but the contours of banks to an 
elevation high enough to indicate the possibihty of using the stream. 
The elevations of all bench marks left are shown on the maps. 

Those parts of the manuscript that deal with the geology of the 
drainage basins have been reviewed by W. O. Hotchkiss, State geolo- 
gist of Wisconsin, who also prepared the description of the general 
features of drainage. The material on power plants constructed 
smcc the original surveys were made, as well as that relating to storage, 
has been supplied by W. G. Hoyt. 

GENERAL FEATURES OF DRAINAGE OF WISCONSIN, 

By W. O. HoTOHKiss, State Geologist. 

About one-third of the area of the State of Wisconsin is drained 
hy streams that flow north into Lake Superior and southeast and east 
into Lake Michigan, 3,020 square miles being tributary to Lake Superior 
and 14,570 square miles to Lake Michigan; the remaining two-thirds, 
comprising 38,500 square miles, is drained to the Mississippi through 
St. Croix, Chippewa, Wisconsin, and Rock rivers and minor streams. 

The northern part of the State is a comparatively flat highland. 
Along the shore of Lake Superior there is a rather steep descent 
from a general altitude between 1,300 and 1,800 feet above the 
sea to the level of the lake — 602 feet. This descent takes place in 
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6 PROFILE SUBVEYS OF RIVEBS IN WISCONSIN. 

a distance ranging from 15 tx> 30 miles. This northern highland 
slopes much more gently to the southwest, south, and southeast, so 
that elevations of 1,000 feet are reached on St. Qroix River in Burnett 
County, on Chippewa River in northern Chippewa County, on Wis- 
consin River at Kilboum, on Peshtigo River at High FaUs, and on 
Menominee River at Niagara. The slopes on the southwest and east 
of the high central and northern area are steeper than those on the 
south. 

A short distance below the 1,000-foot contour most of the large 
streams enter the area of flat-lying sandstones and Umestones, where 
the stream gradients are much gentler and the valleys are deeply 
filled with loose sand and gravel. 

Nearly all the northern highland is covered with thick glacial drift. 
It is a gently rolling coimtry, in which there are few prominent ele- 
vations and thousands of lakes and swamps — ^features that combine 
to furnish excellent natural storage and help to regulate run-oflf. 

The divides between the major drainage basins on the upper 
reaches of the streams are low — at some places so low as to be inde- 
terminate over large areas. In the lower reaches of the streams 
tributary to the Mississippi there is Uttle or no glacial drift, and the 
bordering lands He 200 to 600 feet and at some places even higher 
above the streams. As a result of these conditions the main streams 
are moderately sluggish and relatively constant in volume, though 
many of the smaller tributaries are ' ^flashy " and have steep gradients. 

The streams tributary to Lake Michigan are more variable in 
character, owing to the heavy glacial drift. The Upper Fox pursues 
a sluggish course to Lake Winnebago, from which it descends rather 
steeply to Green Bay. The streams north of the Fox are very slu^sh 
in their lower courses and much swifter in their upper courses. The 
streams that flow directly into Lake Michigan south of Stiu^eon Bay 
are all relatively small and their gradients are very irregular; at 
some places they fall over limestone ledges, and at others they wind 
irregularly, with slight fall, through the glacial drift. 

The gaging stations that have been maintained on the streams of 
Wisconsin are listed on pages 14-16 and their positions are shown on 
the map (PI. I). 

RIVER SURVEYS. 

PESHnOO RIVER BASIN. 

Peshtigo River rises in the western part of Forest Coimty, north- 
eastern Wisconsin, flows southeastward across the southwestern part 
of Marinette Coimty, and empties into Green Bay, an arm of Lake 
Michigan, at the extreme southeast comer of Marinette Coimty, about 

7 miles south of Marinette. The drainage area measured above the 
mouth comprises about 1,160 square miles. 
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The basin is fairly regular in outline and measures about 80 miles 
in length and 14 miles in average width. The river itself is about 
150 miles long. Among its lai^er tributaries are Rat, Thimder, and 
little rivers, which enter on the west or right bank, and Eagle Nest 
and Noque Bay rivers, which enter on the east or left bank. In the 
upper two-thirds of its course the river flows through an area of 
ancient crystalline rocks; in the lower third it crosses successively 
beds of sandstone and limestone. The largest falls and rapids are in 
Ihe crystalline area. 

In this region, as in other parts of Wisconsin, practically all the 
original timber has been cut oflf and has been replaced by second 
growth and brush. A considerable area is being brought under 
cultivation. These changes in forest conditions have probably not 
appreciably altered the flow of the streams, but a marked effect on 
the run-off may be caused by the draining of the numerous swamps 
and lakes at the sources of the river. 

The mean annual rainfall is about 32 inches. The winters are 

severe, the river being iceboimd for about three months of each year. 

The opportunities for storage have not been investigated, but 

the numerous lakes and swamps in the basin mxist afford excellent 

sites for reservoirs. 

The stream is still used to some extent for logging, but the nm of 
logs is small. A good share of the timber is being used for making 
pulp. 

The river rises in the highest land in northern Wisconsin. At 
North Grandon Railroad crossing, near its sources, the river is 1,620 
feet above sea level, at the mouth its elevation is 580 feet, so that it 
falls 1,040 feet in about 140 miles, or about 7 feet to the mile. This 
liigh average gradient gives rise to more and larger rapids than occur 
in any other river in Wisconsin, and, together with the high and 
rocky banks, insures numerous water powers. 

Plates II to V show the results of a survey made in 1906 from 
Peshtigo, near the mouth, to Strong Falls and Copper Rapids. Since 
these surveys were made a dam owned by the Wisconsin Public 
Service Co. and operated for generating electric power has been 
built on the river in sees. 1 and 2, T. 32 N., R. 18 E. The head on 
the dam is about 37 feet and on the wheels 85 feet. 

CHIPPEWA RIVEB BASIN. 

The Chippewa River drainage system has its sources in more than 
a hundred lakes, large and small, and many connecting swamps, 
lying in northwestern Wisconsiu near the Michigan boimdary, only 
20 miles from Lake Superior. The main line of drainage runs very 
dearly along the central line of the basin, but the name Chippewa 
River is not applied to the continuation of the main stream. The 
river divides 112 miles from the mouth. One branch, the prolonga- 
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tion of the line of drainage, called the Flambeau, rises in the lakes 
near the Michigan line at an elevation of a little over 1,600 feet above 
sea level; the other branch, the Chippewa, is formed in the central 
part of Sawyer County by the union of East and West branches, 
both of which rise in the southwestern part of Ashland County. 
The course of the river is general southwestward to its junction 
with the Mississippi at the foot of Lake Pepin. The Flambeau drains 
about 1,980 square miles; the Chippewa above its junction with the 
Flambeau drains only about 1,780 square miles. 

The larger tributaries of the Chippewa from the west, beginning 
at the sources are West Branch and Red Cedar rivers; those from 
the east are East Branch, Thornapple, Flambeau, Jump, Yello-w, 
and Eau Claire rivers. 

The total length of the Chippewa is 267 miles. The total drainage 
area is about 9,540 square miles, of which more than 5,000 square 
miles include the least settled part of northern Wisconsin. 

The drainage basin is regular in outline and measures about 
180 miles by 60 miles. The part of it that lies above Chippewa Falls 
is covered with glacial drift, and the underlying crystalline rocks 
appear only in the river bed. In the southern part of the basin the 
rivers have eroded deeply into the drift, but in the northern part 
they have not cut much below the surface. The country is level or 
rolling. 

With few exceptions all the many and important water powers on 
Chippewa River are in the region of crystalline rocks, but on account 
of the deep glacial drift the powers on the upper streams occur as 
boulder rapids. 

The lakes in this drainage basin lie in two widely separated groups — 
one in its extreme northeastern part, at the headwaters of the 
Flambeau, the other in its northwestern part, at the headwaters of 
Chippewa and Red Cedar rivers. In the remainder of the basin 
there are very few lakes. The wooded regions, however, include 
large areas of swamps. The elevation at the sources of Chippewa 
River is about 1,500 feet above sea level; at Chippewa Falls it is 
806 feet, and at the mouth of the river it is about 665 feet. At the 
sources of Flambeau River the elevation is about 1,650 feet; at 
Ladysmith it is 1,115 feet. 

This drainage basin contains rich forests of both hard and soft 
woods. Though lumbering has been carried on actively for many 
years, considerable pine timber still remains, chiefly at the upper 
headwaters, but it is fast disappearing. The upper half of the basin 
may be considered forested. 

The mean annual rainfall is about 30 inches. The winters are 
severe. The snowfall is heavy and lasts a long time, and ice forms on 
the streams to a thickness of about 2 feet and remains three to four 
months. 
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This drainage area aflFords an unusually large number of excellent 
sites for reservoirs. The United States Engineer Corps in 1 880 located 
and surveyed 12 reservoir sites, whose total capacity was about 25 
billion cubic feet. The highest dam necessary will measure about 
26 feet. The operation of these reservoirs, it was estimated, would 
increase the ordinary low-water flow of the river by 3,245 second-feet 
for 90 days, thus about doubling the present available water power 
of the river. The main obstacle to building such reservoirs by the 
Government is the fact that, owing to the settling of this region, the 
land that would be flooded has become very valuable. Private 
enterprise has developed some of the smaller of these reservoirs. 

The results of profile surveys on the Chippewa from its mouth to 
Flambeau, Wis., and of Flambeau River from its mouth to Turtle 
River, Wis., are shown in Plates VI-XVI. 

The Chippewa and its tributaries afford several valuable developed 
water powers and numerous undeveloped power sites. The Dells 
dam, near Eau Claire, was constructed in 1877. The head, as deter- 
mined by the Wisconsin Geological Survey,* was 21 feet. The head 
on the wheels at the present time (1916) is about 27 feet at ordinary 
stage. Apparently the dam is about 7 feet higher than when orig- 
inally constructed. 

The Wisconsin-Minnesota Light & Power Co. is building a dam in 
sec. 3, T. 28 N., R. 8 W., and sec. 34, T. 29 N., R. 8 W., which, when 
completed, will back water to the foot of Jim Falls, at the north 
line of lots 4 and 5, sec. 30, T. 30 N., R. 7 W. This dam, which is 
known as the Wissota dam, will have a head of about 57 feet. 

In 1910 the river was dammed at Jim Falls, in sees, 19, 20, and 29, 
T. 30 N., R. 7 W. No gates were put in this dam, and neither the 
power house nor the canal has yet been built. The present head at 
the dam is 6 or 7 feet. When the plant is completed the head on 
the wheels will be about 55 feet. 

A dam designed to furnish power for a paper mill was built in 1913 
at Brunet Falls, in sec. 18, T. 31 N., R. 6 W, The head at ordinary 
water is about 38 feet. 

Several of the exceptionally good power sites afforded by the 
Flambeau were developed prior to the surveys on which Plates 
XI-XVI are based. Two other dams have been constructed since 
the siureys were made — the Port Arthur dam, in lots 2 and 7, sec. 18, 
T. 34 N., R. 6 W., constructed in 1906, furnishing 17 feet head and 
supplying power used in manufactming pulp; and the Thomapple 
dam, in lots 1 and 2, sec. 22, T. 34 N., R. 7 W., constructed in 1910. 
The head on the Thomapple dam is 11 feet at all times, and the 
power is used for making pulp. 

* Smith, L. S., The water powers of Wisconsin: Wisconsin Oeol. and Nat. Hist. Survey Bull. 20, Eco- 
Mmicser., No. 13, p. 97, 1908. 
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On account of the numeroxis lakes in the drainage basin of the 
Chippewa and the possibility of using them for storage, this river 
system is destined to become a great center of power, but the develop- 
ment of the power sites is retarded because the region is not thickly 
settled and railroad facilities are lacking in many parts of it. 

The upper headwaters of the river and its tributaries are used for 
running logs, but in areas where there are railroads the logs are 
moved by rail, as the rivers can not compete with the railroads in 
log running. 

BLACK BIVER BASIN. 

The drainage basin of Black River lies west of the central part 
of the State of Wisconsin. The river rises in the northeastern part 
of Taylor Coimty, flows in a generally southwesterly direction, and 
joins the Mississippi at La Crosse. The drainage basin is long and 
narrow and the tributaries are small. The largest are Poplar River 
and East Fork of Black River, both of which enter from the east. 
The total length of the river is about 145 miles; the total drainage 
area is about 2,300 square miles. 

The basin is about 120 miles long and has an average width of 
20 miles. All that part of the river that lies north of Black River 
Falls is in crystalline rocks. Through a part of this stretch the river 
has worn deeply into the rock, and the banks rise 40 to 60 feet above 
the river. In places the rock is covered with glacial drift. Below 
Black River Falls the river flows in a sandstone region; its valley is 
wide and the banks are usually low. The surface of the basin is level 
or rolling. The soil in the upper part of the basin is clay loam. 
This region was at one time covered with pine. In the lower part 
of the basin the soil is sandy. 

The elevation at the source of the river is about 1,400 feet; at 
Neillsville, 990 feet; and at the mouth of the river, 628 feet. 

The timber on this drainage basin has been nearly all cut and the 
river is no longer used for running logs. The coimtry is well settled. 

The mean annual rainfall is about 32 inches. The winters are 
severe. The snowfall is heavy, and ice forms to a thickness of 1 to 2 
feet and lasts about three months. 

Storage possibilities have not been investigated. There are but 
few lakes in the drainage basin, and some of these may make suitable 
reservoirs, but the basin is so well settled that the building of storage 
reservoirs would be prohibited by the cost of the land that would be 
flooded. 

The conditions of stream flow are not favorable for the develop- 
ment of water power, but power sites at which there is considerable 
head, favorably located for the building of dams, are numerous, and 
some of them will probably be developed. Most of the sites are 
above Black River Falls. 
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The results of surveys made to determine the possibility of using 
Black River for developing power are presented in Plates XVII- XIX. 

The dam of the Greenwood Municipal Light Co., built about 1905, 
in sec. 34, T. 27 N., R. 2 W., does not appear on the profile. At 
ordinary stages the head of the dam is about 11 feet. 

A dam built at Neillsville in 1870 and stiU in existence is not shown 
on the profile. The dam is in sees. 10 and 11, T. 24 N., R. 2 W., 
maintains a head of approximately 7^ feet, and the power is used 
by a gristmill. 

The Dells dam, shown on the profile in sec. 18, T. 23 N., R. 2 W., 
was damaged in October, 1911, when about 400 feet of the core wall, 
extending from the west end of the main concrete dam into the west 
bank, was entirely carried away; this section has not yet been 
replaced. 

The Hatfield dam, in sec. 3, T. 22 N., R. 3 W., was constructed 
in 1912, after failing in 1911. The head at the dam is about 38 feet 
and the total head at the plant about 92 feet. The plant is owned 
and operated by the Wisconsin Railway, Light & Power Co. 

WISCONSIN BIVEB BASIN. 

The drainage basin of Wisconsin River, except a few square miles, 
B in Wisconsin, The river rises in Lac Vieux Desert, directly on the 
boundary between Michigan and Wisconsin, whence it flows south- 
ward about 300 miles to the city of Portage, near the center of Portage 
County. From this point it flows westward 118 miles to Prairie du 
Chien, Wis., about 40 miles from the southern boundary of the State, 
where it enters the Mississippi. The total length of the river is about 
429 miles. The river receives from the west or right Tomahawk, 
Rib, Big Eau Pleine, Eau Pleine, Yellow, Lemonweir, Baraboo, Pine, 
and Kickapoo rivers; from the east Pelican, Prairie, Eau Claire, and 
Plover rivers. 

The basin is about 225 miles long, about 50 miles in average width, 
and includes 11,800 square miles. The river flows for the most part 
in the eastern half of its basin; below Portage it flows within 10 miles 
of its southern edge. At Portage the divide between Wisconsin River 
and Fox River is so low that during high water some of the excess 
flows into the Fox. 

Like all the large rivers of the State, the Wisconsin heads in the 
drift-covered region. The part of the Wisconsin basin above Nekoosa, 
including more than half the area drained, is underlain by crystalline 
rocks, which, by presenting a barrier to erosion, cause numerous 
rapids that aflford excellent sites for water power. Below Nekoosa 
the crystalline rocks give way to the softer sandstone. This lower 
part of the valley is deeply filled with sand and gravel, which have 
made the bed of the river a succession of shifting sand bars almost to 
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its mouth. Whore the sandstone is near the surface in the surround- 
ing country the soil is very light and in places even sterile. North of 
Nekoosa this sandy belt rapidly narrows, and at Merrill, Wis., aboixt 
90 miles above, it almost disappears, being replaced by clayey loams 
and loamy clays. North of Tomahawk the clays are again replaced 
by sandy soils containing gravel and by boulders and glacial drift. 

In general the country is level or undulating. At a few places tlie 
surface is broken by decided ridges, as, for example, the Baraboo 
ranges of quartzite and the bluffs along the lower river. The north.- 
em part of the basin is covered with innumerable lakes and swamps, 
which tend to make the flow of the stream uniform and steady. 

According to the United States Engineer Corps, the elevation of 
Lac Vieux Desert, the source of the river, is about 1,650 feet, the 
elevation at the mouth is about 604 feet, so that the total fall is about 
1,050 feet. About 634 feet of this fall occur in the 150 miles between 
Rhinelander and Nekoosa, an average of over 4 feet to the mile. 
This descent is concentrated at many places, producing a large num- 
ber of valuable water powers. 

The dense growth of pine which covered the upper part of the 
basin of Wisconsin River has nearly all been cut off, and a thick 
growth of brush and second-growth timber has taken its place; large 
areas have been brought under cultivation. In some places this 
second growth has been burned over, leaving almost impenetrable 
thickets of brush and dead timber. 

The mean annual rainfall on the headwaters of the river is about 
31 inches; at the lower part of the basin the rainfall is about 34 inches. 

The winters, except in the very lowest part of the basin, are 
severe. The snowfall is rather heavy, and stays on the ground for 
long periods, and the streams are covered with ico 1 to 2 feet thick 
for three to four months. These conditions tend to make winter 
the period of minimum flow. 

The basin affords numerous opportunities for storage. The United 
States Engineer Corps located and surveyed eight reservoir sites at 
the headwaters of Wisconsin River to aid navigation of the Mississippi 
River. The capacity of these reservoirs is about 20,000,000,000 
cubic feet, and it was estimated that a flow of 3,000 cubic feet per 
second could be maintained for three months. Such a flow would 
nearly double the low-water flow of the river and its resulting water 
power. Several of these reservoirs have been constructed by private 
parties for water-power development. The Wisconsin Valley Im- 
provement Co. has been authorized by law to construct, acquire, 
and maintain a system of reservoirs on the tributaries of Wiscon- 
sin River north of the south line of township 34, about 6 miles below 
Tomahawk, for the purpose of producing a imiform flow of water. 
The law provides that when tids company shall have completed 
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reservoirs of a capacity of 2,000,000,000 cubic feet it may collect 
ind receive reasonable tolls from the owner of every improved 
ind operated water power on the river below such reservoirs. 

The following tables show the reservoirs maintained by the Wis- 
consin Valley Improvement Co. in 1915, and the developed powers 
OQ Wisconsin and Tomahawk rivers above Nekoosa, Wis. 

Reservoirs maintained by the Wisconsin Valley Improvement Co. in 1915.0- 



Name. 


Location of reservoir. 


Location of dam. 


Area of 
reser- 
voir. 


Drain- 
age 
area. 


(millions of 
cubic feet). 




Sum- 
mer. 


Win- 
ter. 


Tmakewk River. 

E» Storage 

^nirreL 


Tps. 35-36 N.,Rs. 5-7 E.. 

T.39N.,R.5E 

Tps. 38-40 N.,Rs. 6-7 E.. 

T. 35 N.,Rs. 10-11 E.... 
Tps. 36-38 N.,Rs. 9-11 E. 
Tps. 40-41 N., Rs. 7-8 E. 

T.40N., RS.8-9E 

Tps.38-39N.,Rs.^lOE. 
T.39N.,Rs. 11-12 E.... 
T.40N., Rs. 11-12 E.... 
Tps. 39-10 N.,R.nE... 
Tps.37-«)N.,Rs. 11-12 E. 
Tps. 41-42 N.,R. 12 E... 
Tps.4(MlN.,Rs. 10-11 E. 

T.41N.,R.9E 

Tps.41-42N., R. HE... 
T.42N., R. UE 


Secs.4and9,T.35N.,R. 

6E. 
Sec. 30, T. 39 N., R. 5 E.. 
Sec. 10, T. 39 N., R. 6 E.. 

Sec.ll,T.35N.,R.10E.. 
Sec.4,T.36N.,R. lOE.. 
8ec.30,T.40N., R.8E.. 
Sec. 35, T. 40 N., R. 8 E.. 
Sec. 17, T. 39 N., R. 9 E.. 
Sec. 11,T.39N.,R. IIE. 
Sec.36,T.40N., R. HE. 
Sec.4,T.39N.,R. HE.. 
Sec. 5,T.39N., R. HE.. 
Sec.7,T.4lN.,R. 12E.. 
Sec.33,T.4lN., R. HE. 
Sec. 24,T.41N., R. 9E.. 
Sec. 19,T.41N., R. HE. 
Sec.l7,T.42N.,R.HE. 
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a From information furnished by Wisconsin Valley Improvement Ck>. 
Power plants on Wisconsin and Tomahawk rivers above Nekoosa ^ Wis.^ 
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76 
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1,774 


22 
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14 




33 
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23 
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20 
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32 
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Wisconsin River. 

Sdotm— K d vrards P aper Co . : 

N. . -; !ani 

Port Edwards dam 

?ainh& Pulp A Water Power Co. dam 

!^««9olidated Water Power & Paper Co.: 

Oraod Rapids dam 

Biroo dam ... 

Jlilting— Plover Paper Co. dam 

Vseoosin River Paper & Pulp Co. dam 

'^boQ Milling Co. dam 

Jaiawi Sulphate Fibre Co. dam 

Jjathon Paper Mills Co. dam 

Jw»u Street Railway Co. dam 

*iasaa Paper Mills C^. dam 

Kcrin-MMTill Electric Light & RaUwav Co 

[rutdfother Falls— Grandfather Falls Co' 

^ooahawk— Tomahawk Pulp & Paper Co 

I^ags— Tomahawk Power Co 

5»t Rapids— Rhinelandff Power Co 

uindsnder— Rhinelander Paper Co 

'^tit Rapids— Eagle River Electric Co 

Tomakairk River. 

looahawk— Tomahawk Light, Telephone & Im- 
provenunt Co. 



T.21N., R.5E 

T.22N.,R.5E 

T.22N.,R.5E 

T.22N.,R.6E 

T.23N., R.6E 

T.23N.,R.8E 

T.23N.,R.8E 

T.23N.,R.8E 

Sec. 29, T. 27N., R. 7E.... 
Sec. 24, T. 28N., R. 7E.... 
Sec. 35, T. 29N., R. 7E.... 

Sec. 3, T. 29 N., R. 7 E 

Sec. 13,T.31N., R. 6E.... 
Sec.30,T.33N., R. 6E.... 
Sec. 10,T. 34N., R. 6E.... 
Sec. 25, T. 35N., R. 6E.... 
Sec. 27, T. 36N., R. 8E.... 

Sec. 6, T. 36N.,R. 9E 

Sec. 36, T. 40N., R. 9E.... 



Sec. 28, T. 35N., R. 6E.... 



13.5 



709 



a From information furnished by Wisconsin Valley Improvement Co. 
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The opportunities for water-power development in this basin are 
numerous. Some of the larger sites have been developed, but many 
valuable sites on the main river and on the tributaries are still unused. 

The stream was used extensively for logging, but the greater part 
of the large timber has been cut off and lumbering is decreasing, 
although considerable pulp wood is being run in the upper reaches 
of the river. The dams at the water-power sites do not interfere 
seriously with the small run of logs. 

Maps showing the results of surveys made in 1906 on Wisconshi 
River from Kilboum to Tomahawk, Wis., form Plates XX-XXX, 
and the results of surveys on Eau Claire River from the mouth to 
Dells of the Eau Claire form Plates XXXI-XXXII. 

No dams have been built on Eau Claire River since the profiles 
were made. 

The Grandfather Falls dam in sec. 30, T. 33 N., R. 6 E., was built 
in 1907. The head is approximately 33 feet, and power is transmitted 
to Merrill, where it is used in the manufacture of paper. 

The Rothschild dam on Wisconsin River, in the NE. J sec. 36, T. 
28 N., R. 7 W., was built by the Marathon Paper Mills Co. in 1909. 

In 1909 the Southern Wisconsin Power Co. built the Kilboum 
dam, in sec. 4, T. 13 N., R. 6 E. The head is approximately 17 feet 
and the power is transmitted to Portage and Milwaukee. 

In 1915 the Wisconsin Power Co. built the Prairie du Sac dam, in 
sec. 25, T. 10 N., R. 6 E.; head, approximately 29 feet. The power 
generated is transmitted to Milwaukee, Madison, Prairie du Sac, 
Sauk City, and smaller towns. 

GAGING STATIONS. 

[Note.— Dash following a date indicates that station was behig maintained by the U. 8. Geological 
Survey In cooperation with the Railroad Commission of Wisconsin Sept. 30, 1915. Period after date Indi- 
cates dis.-'antinuance.] 

ST. LAWRENCE BIVER BASIN. 

Stxeams tributary to Lake Superior: 

Aminicon River near Aminicon Falls, Wis., 1914- 

Brule River near Brule, Wis., 1914- 

Bad River near Odanah, Wis., 1914- 
Streams tributary to Lake Michigan: 

Brule River (head of Menominee River) near Florence, Wis., 1914- 

Menominee River at Iron Mountain, Mich., 1902-1914. 

Menominee River at Lower Quinneaec Falls, Wis., 1898-99. 

Menominee River at Koss, Mich., 1902-1909. 

Menominee River at Rapids Power Plant below Koss, 1913- 
Pine River near Florence, Wis., 1914- 
Pike River at Amberg, Wis., 1914- 

Peshtigo River at High Falls, Wis., 1913- 

Peshtigo River near Crivitz, Wis., 190&-1909. 

Peshtigo River at Crivitz, Wis., 1906. 

Oconto River near Gillett, Wis., 1900-1909; 1914- 

Oconto River at Stiles, Wis., 1906. 



Digitized by LjOOQ IC 



PROFILE SUBVEYS OF RIVERS IN WISCONSIN. 15 

Streams tributary to Lake Michigan — Continued. 
Fox River at Omro, Wis., 1902-3. 
Fox River at Oshkoeh, Wis., 1902. 
Fox River at Wrightstown, Wis., 1902-1904. 

Wolf River at Keshena, Wis., 1907-1909; 1911- 

Wolf River at White House Bridge, near Shawano, Wis., 190^7. 

Wolf River at Danrows Bridge, near Shawano, Wis., 1906. 

Wolf River at New London, Wis., 1913- 

Wolf River at Northport, Wis., 1905. 

Wolf River at Winneconne, Wis., 1902-3. 

West Branch of Wolf River at Neopit, Wis., 1911- 
Little Wolf River near Royalton, Wis., 1914- 
Little Wolf River near Northport, Wis., 1907-1910. 
Fond du Lac River, West Branch (head of Fond du Lac River) at Fond du 

Lac, Wis., 1903. 
East Branch of Fond du Lac River at Fond du Lac, Wis., 1903. 
Milwaukee River at Milwaukee, Wis., 1914- 

UPPER MISSISSIPPI RIVER BASIN. 

St. Croix River at Swiss, Wis., 1914- 

St. Croix River near St. Croix Falls, Wis., 1902-1905; 1910- 

Namakagon River at Trego, Wis., 1914- 

Yellow River at Webster, Wis., 1914. 

Apple River near Somerset, Wis., 1911- 
Chippewa River above East Fork, near Winter, Wis., 1911- 
Cbippewa River below East Fork, near Winter, Wis., 1912- 
Cliippewa River near Bruce, Wis., 1913- 
Chippewa River at Chippewa Falls, Wis., 1888- 
Chippewa River near Eau Claire, Wis., 1902-1909. 

Flambeau River near Butternut, Wis., 1914- 

Flambeau River near Ladysmith, Wis., 1914- 

Flambeau River at Ladysmith, Wis., 1903-1906. 

Jump River at Sheldon, Wis., 1915- 

Eau Claire River near Augusta, Wis., 1914- 

Eau Claire River near Eau Claire, Wis., 1913-14. 

Red Cedar River near Colfax, Wis., 1914- 

Red Cedar River at Cedar Falls, Wis., 1909- 

Red Cedar River at Menominee, Wis., 1907-8; 1913- 
Trempealeau River at Dodge, Wis., 1913- 
Black River at Neillflville, Wis., 1905-1909; 1913- 
Black River at Melrose, Wis., 1902-3. 
U Crosse River near West Salem, Wis., 1913- 
Wisconsin River near Rhinelander, Wis., 1905- 
^iaconsin River at Merrill, Wis., 1902- 
Wiflconsin River near Nekoosa, Wis., 1914- 
Wisconsin River near Necedah, Wis., 1902-1914. 
Wiaconsin River at Muscoda, Wis., 1902-3; 1913- 

Tomahawk River near Bradley, Wis., 1914- 

Frairie River near Merrill, Wis., 1914- 

Little Rib River near Wausau, Wis., 1914- 

Eau Claire River at Kelley, Wis., 1914- 

Big Eau Pleine River near Stratford, Wis., 1914- 

Plover River near Stevens Point, Wis., 1914- 

Baraboo River near Baraboo, Wis., 1913- 

Kickapoo River at Gays Mills, Wis., 1913- 
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Rock River at Watertown, Wis., 1914. 
Rock River at Afton, Wis., 1914- 

Catfish River at Madison, Wis., 1902-3. 

Lake Mendota at Madison, Wis., 1902-3. 

Pecatonica River at Dill, Wis., 1914- 

Sugar Ri\er near Brodhead, Wis., 1914- 

PUBLICATION8, 

Information concerning stream flow at the stations indicated by 
the preceding table has been published in the reports of the Geo- 
logical Survey listed below: 

Water-Supply Papers 65, 66, 75, 83, 85, 97, 98, 99, 128, 129, 130, 170, 171, 206, 207, 
244, 245, 264, 265, 284, 285, 304, 305, 324, 325, 354, 355, 384, 385, 404,» 405.» 

Water-supply papers and other pubUcations of the United States 
Geological Survey containing data in regard to the water resources of 
the United States may be obtained or consulted as indicated belowr : 

1. Copies may be obtained free of charge by applying to the Direc- 
tor of the Geological Survey, Washington, D. C. The edition printed 
for free distribution is, however, small and is soon exhausted. 

2. Copies may be purchased at nominal cost from the Superin- 
tendent of Documents, Government Printing Office, Washington, 
D. C, who will, on appUcation, furnish lists giving prices. 

3. Sets of the reports may be consulted in the Ubraries of th.e 
principal cities in the United States. 

4. Complete sets are available for consultation in the local offices 
of the water-resources branch of the Geological Survey, as follows : 

Boston, Mass., Customhouse. 

Albany, N. Y., Room 18, Federal Building. 

Atlanta, Ga., Post OflSce Building. 

Madison, Wis., care Railroad Commission of Wisconsin. 

St. Paul, Minn., Old Capitol Building. 

Helena, Mont., Montana National Bank Building. 

Denver, Colo., 403 New Post Office Building. 

Salt Lake City, Utah, 421 Federal Building. 

Boise, Idaho, 615 Idaho Building. 

Tacoma, Wash., 406 Federal Building. 

Portland, Oreg., 416 Couch Building. 

San Francisco, Cal., 328 Customhouse. 

Los Angeles, Cal., 619 Federal Buildipg. ^ 

Austin, Tex., Old Post Office Building. 

Phoenix, Ariz., 417 Fleming Building. 

Honolulu, Hawaii, Kapiolani Building. 

A list of the Geological Survey^s publications may be obtained by 
applying to the Director of the United States Geological Survey, 
Washington, D. C, who will also send, on request, an index map of 
Wisconsin, showing areas mapped and giving other information in 
regard to publications of special interest to residents of the State. 

> In preparation Juno 1, 1916. 
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PREFACE. 



By Alfred H. Brooks, 



Hot springs are widely distributed in Alaska, but they were only 
slightly utilized by the natives before the coming of the white man. 
During the Russian occupation of Alaska primitive bathing houses 
were built at several hot springs, notably near Sitka, and the hygienic 
value of the springs was recognized. In recent years more elaborate 
bathing establishments have been constructed at several accessible hot 
springs and are much used by local residents, and some hot springs 
that are more difficult of access are occasionally visited by prospectors 
as health resorts. This local use of the springs has led to a demand 
for more accurate information about the qualities of the thermal 
waters than has been available, and for this reason the investigation 
whose results are here set forth was undertaken. 

Though Mr, Waring gave attention principally to the hot springs 
he examined other mineral springs that lay near the route he 
traveled. He could not in one field season visit all the springs in 
Alaska, many of which are in very inaccessible places, but he has 
(XHnpiled for this report all available information about mineral 
springs. 

As Mr. Waring points out, the hot springs may be grouped into 
several provinces. A larger number have been found in southeast- 
em Alaska than in the interior, perhaps because this part of the Ter- 
ritory is best known. This southeastern mineral-spring province 
lies adjacent to the great Mesozoic batholiths of the Coast Range and 
is itself a field of abundant intrusives. Most of the hot springs 
occur along shear zones within intrusive rocks. Though there are 
some recent lavas in this field no genetic relation has been estab- 
lished between them and the hot springs. This province, which lies 
Ml the western margin of the Pacific Mountain system, has been re- 
peatedly subject to deformation. More directly bearing on the gene- 
sis of the springs is the fissuring that has affected the rocks. Though 
most of this took place in pre-Eocene time, there is some evidence 
of later movement, and it is in this epoch of later movement that 
the fissoreB with which the hot springs are associated were probably 
formed* 

7 
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The hot springs of the Alaska Peninsula and the Alaska Islani 
are all in a field of present volcanic activity, and though they ha 
been but little studied many of them are so near active volcanoes 
to leave slight doubt that they are genetically related to the vc^can 
activity. 

The information at hand indicates that there are but few h< 
springs within the belt of profoundly folded rocks that constitui 
the Pacific Moimtain system. Inland of this system, however, li< 
another ill-defined belt of hot springs, which is traceable throug 
the central Yukon basin. The springs here are associated with in 
trusives, in part Eocene and in part probably Mesozoic, that wer 
fractured and locally invaded by metalliferous quartz veins and sub 
sequently, in post-Eocene and perhaps in comparatively recent time 
were again fractured and deformed. The fractures with which thi 
hot springs are associated were probably formed during the latei 
epoch of deformation. 

The history of the hot springs of Seward Peninsula is probablj 
similar, but the age of the intrusives with which the hot springs an 
associated in this field has not been determined. It may be Mesozoi( 
or it may be Tertiary. 

Quaternary volcanic rocks are widely distributed in both the 
Yukon Basin and Seward Peninsula. They come from many smaU 
vents and possibly from fissures, but the volcanic accumulations are 
not extensive. There is no evidence that the hot springs are gen- 
etically related to these Quaternary volcanic rocks, for the surface 
manifestations of the two phenomena have not been found in 
association. 

Relatively few hot springs have been found in northern Alaska, 
possibly because this province has been little explored and possibly 
because of the scarcity of Mesozoic and Tertiary intrusives and of 
Quaternary volcanics in this part of the Territory. 

The conditions of erosion and groimd-water circulation in the 
subpolar region of northern Alaska are very different from those 
in more temperate zones. As these conditions probably affect the 
composition of the surface waters, an investigation of the subject 
seemed desirable. With this object in mind, a start was made in 

1914 by H. M. Eakin, who collected a few samples of surface waters 
from the Yukon Basin and from Seward Peninsula. Advantage 
was taken of the opportunity afforded by Mr. Waring's journey in 

1915 to collect a larger number of samples of river and stream 
waters. These have been analyzed, and the results are set forth and 
discussed in this report by B. B. Dole and A. A. Chambers. Bela- 
tively few samples of water were collected, however, and these only i 
in simmier; and the meager information they afford does not permit . 
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• 

final conclusicMis. It is, however, the only information thus far 
available to show the composition of surface waters in subpolar 
regions. 

The conditions pointed out in this report that may influence the 
composition of the waters are (1) the paucity of erosion over large 
areas, due principally to the mat of moss and other vegetation 
which mantles the soil and to the small rainfall, and (2) the per- 
manently frozen condition of much of the subsoil in the Yukon 
Basin and Seward Peninsula, which prevents the circulation of 
ground water. In the central plateau province of Alaska but little 
bedrock is exposed to erosion, as compared with that exposed in 
temperate regions. Kock outcrops are found on the crests of some 
divides, but by no means on all, for many rounded or flat summits 
are covered with moss; and much the larger part of the slopes are 
gentle declivities that are covered with moss, grass, and timber and 
that show rock only here and there. Relatively few of the streams 
are cutting on bedrock, most of the valleys being filled with alluvial 
material contributed in part by present or recent glacial erosion 
and in part by surface soil creep or by solar fluction. Some material 
is also contributed by a very slow mass movement of the heavy 
frozen talus which mantles the lower slopes of the smaller valleys, 
notably on the sides not exposed to the sim. Erosion of this type 
yields the familiar asymmetric valleys which are typical of the 
streams of this province. By lateral swinging the larger water- 
courses in places cut the valley walls, and small cliffs at such places 
indicate bedrock erosion. The amount of bedrock exposed to erosion 
in the province as a whole is very small. 

The wide distribution of ground frost is even more typical of this 
subpolar region than is the dearth of erosion. In numerous excava- 
tions made in placer mining the ground is permanently frozen to great 
depths, beginning 18 inches or 2 feet below the surface, and the allu- 
viom is frozen down to hard rock. In the Klondike the alluvium is 
frozen to a depth of about 200 feet. At Fairbanks permanent ground 
frost has been found at many places to a depth of more than 200 
feet and the deepest shaft sunk there penetrated 318 feet of frozen 
iliuvium. In Seward Peninsula many holes in permanently frozen 
sUnvium are more than 75 feet deep and one is nearly 200 feet deep. 
These shafts are all in flood plains, but at many places on north- 
iacing hill slopes ground ice can be found within a foot or two of the 
surface. 

Some ground in the province is not frozen, for causes not deter- 
mined. . Underground channels of water have been encountered in 
some mine workings and have played havoc with the operations, but 
these appear to be exceptional. When the moss is stripped the 



Digitized by LjOOQ IC 



10 PREFAGS. 

ground thaws, and with open-cut mining or cultivation the up; 
level of permanent ground frost seems gradually to descend, 
therefore appears that this ground frost is a survival of a climi 
colder than the present and is preserved by the nonconducting na 
of moss and other vegetation. It is natural to attribute it to t 
climatic conditions that brought about the last glacial advance 
Alaska, during which but little of the central region was ice coverc 
though glaciers advanced into it from the hi^w mountains on tl 
north and south* 

Although the conditions described are general within the centr 
plateau region, they by no means prevail throughout the Yukon an 
Kuskokwim basins. Many of the larger tributaries of these rivei 
such as White and Xanana rivers, flowing into the Yukon, hai 
their sources in the hi^ ranges bordering the plateau province, i 
headwater basins, where the conditions of erosion are normal exce] 
in so far as they are modified by permanent fields of snow and ic 
The waters of these streams would therefore probably not differ froi 
those of normal streams working on similar bedrock in more ten 
perate zones. Mr. Dole and Mr. Chambers point out that certai 
marked differences in the composition of Yukon waters taken at dii 
ferent localities may be due to the influx of tributary rivers whos 
sources lie in the high ranges outside of the plateau province, wher 
the abnormal subpolar conditions of erosion and underground-wate 
circulation persist 
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MINERAL SPRINGS OF ALASKA. 



By Gerau) a. Waring. 



INTRODUCTION. 

Geologists and engineers of the United States Geological Survey, 
who for a number of years have been investigating the mineral re- 
sources of Alaska, have incidentally noted and visited hot springs 
and other mineral springs in the Territory. About 20 hot springs 
and several cool carbonated, sulphur, and iron springs had been thus 
observed prior to 1915, when it seemed desirable to make a more 
detailed examination of these springs, not only because of their 
medicinal value or because their waters may be marketable, but be- 
cause of their relation to the other features of the geology. The 
writer was accordingly detailed to examine these springs during the 
field season of 1915, and the present report is an account of field 
work done in that year between June 15 and September 4. The 
writer spent the first five days in examining springs between Ketchi- 
kan and Wrangell, in the southeastern part of the Territory, in 
company with Theodore Chapin, of the Survey, who was carry- 
ing on geologic studies in the same region. He next visited Warm 
Springs Bay, on Baranof Island, making the trip from Wrangell 
in company with G. L. Drake, forest expert, in a launch of the 
Forest Service, through the courtesy of that bureau. He spent the 
succeeding 10 days in examining the hot springs on Baranof and 
Chichagof Islands, and thence went to Whitehorse and down Yukon 
River to Circle. Four days was spent in visiting Circle Hot Springs 
wd four days in waiting for the next downstream steamer. The 
Fairbanks and Hot Springs districts were then visited, and about two 
weeks were spent there, notes being obtained from others on several 
, springs in addition to those that were examined. Three hot-spring 
localities on the north side of the Yukon below Tanana were then 
examined. The next stop was at Anvik, on the lower Yukon, where 
arrangements were made with Rev. John W. Chapman for the collec- 
tion of daily samples of water from Yukon River throughout a year, 
i(ff chemical study. During the journey on the Yukon and its tribu- 
taries samples of the stream waters were collected for analysis. From 

U 
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INTEODUCTION. 13 

which includes the basins of the great rivers, the Yukon and the 
Kuskokwim; (3) the Bocky Mountain system, embracing subsidiary 
mountains in the northern part of Alaska; (4) the Arctic Mountain 
system, which includes the Endicott Bange and subsidiary moun- 
tains parallel to the Arctic coast; (5) the Arctic slope region, lying 
north of the Arctic Mountain system. 

So far as present knowledge indicates, the hot and other mineral 
springs appear to be confined almost wholly to the two southern 
provinces. This apparent fact may be due, however, to our better 
knowledge of the southern regions, for detailed surveys in northern 
Alaska may reveal the presence there of both hot and cool springs. 

Four general regions in Alaska are known to contain springs — the 
southeastern part of the Territory, the southwestern peninsula and 
islands, the Yukon Basin, and Seward Peninsula. 

In southeastern Alaska hot springs are fairly common, and most 
of them appear to be associated with masses of granitic rocks, prob- 
ably Mesozoic,^ which have been intruded into the older sediments 
that occur in a great part of that region. These granitic masses 
cover large areas in the region, and the springs apparently issue 
along minor fault or fracture zones in the rock. Carbonated springs 
also issue at several places in this region. In at least one place (near 
New Eddystone Bock) the production of carbon dioxide appears to 
be connected with relatively recent volcanic activity. In other places 
the carbonic-acid gas is of more obscure origin, but it may be gen- 
erated by intrusive rocks or be derived directly from limestone, of 
which the gas is a constituent. 

Nearly all the reported springs of the Alaska Peninsula and the 
Aleutian Islands are hot and are evidently direct results of volcanic 
activity, for the region includes many volcanoes, some of them still 
active.* It is worthy of note, however, that although the Wrangell 
region, in southern Alaska, includes a great lava-covered area * and 
Mount Wrangell is still mildly active, no hot springs are known to 
have been reported in this region. Small areas of lavas of Quater- 
nary age are widely distributed in the Yukon basin,* and in the 
Pribilof, Nunivak, and Nelson islands in Bering Sea,** but no hot 

* Wright. P. B., and Wright, C. W., The Ketchikan and Wrangell mining districts, 
Altika : U. 8. Oeol. Survey Bull, 847. pp. 57-58, 1908. 

•The (eology of portions of the peninsula is described by Atwood, W. W., Geology and 
mineral resources of parts of the Alaska Peninsula : U. S. Geol. Survey Bull. 467. 1911. 

*lfendenhall. W. C, Geology of the central Copper River region, Alaska: U. S. GeoL 
Survey Prof. Paper 41. pp. 54-67, 1905. 

*The following publications contain geologic maps showing areas of late volcanic 
^ockt In portions of the Yukon basin : 

Prtndle, L. M., A geologic reconnaissance of the Fairbanks quadrangle, Alaska : U. S. 
G«ol. Survey Bull. 625, pis. 8 and 11, 1918 ; also, A geologic reconnaissance of the arclc 
qutdrtngle, Alaska : U. S. Geol. Survey Bull. 588, pi. 2. 1918. 

•Brooks, A. BL, The geography and geology of Alaska, a summary of existing knowl- 
«^; U. S. QwiL Survey Prof. Paper 46, pL 21, 1906. 



Digitized by LjOOQ IC 



14 MINERS. SPBIN08 OF ALASKA. 

springs are known to be associated with them. Detailed stn 
the Alaska Peninsula and the Aleutian Islands may reveal, in 
tion to the many hot springs, cool carbonated and cool si 
springs also; for both carbon dioxide and hydrogen sulphi^ 
common accompaniments of volcanic activity and in some 
are thrown out long after other evidences of volcanism have c 

The known hot springs in the Yukon basin form three more < 
well-defined groups, consisting of those in the region between 
and Fairbanks, those in the Hot Springs-Eureka district, and 
in the region north of the Yukon between Tanana and Ruby, 
hot springs in these areas, like those in southeastern Alaska, se 
be associated with masses of intrusive granitic rock, most of v 
however, are smaller than the similar masses in that region. A 
eral places the occurrence of hot springs at the borders of 
granitic masses suggests strongly that they rise along the frac 
zone between the. intrusive granite and the country rock; at ol 
however, the relation of the springs to intrusive rocks is 
obscure. 

There are three well-known groups of hot springs on Se 
Peninsula, and two other groups are also reported, whose posi 
and characteristics were not definitely learned. Arctic Hot Spr 
in the northern part of the peninsula, are at the western edge 
small area of intrusive granite, where the relation of intrusive 
to the hot water appears to be well shown, but at the other spi 
on the peninsula that have been examined the source of the hot \^ 
is not so apparent. A number of cool carbonated springs also i 
on Seward Peninsula. Two or three of them seem to be plans 
ascribed to the intrusion of small masses of lavas or dike rocks 
the coimtry rocks,^ but as these consist in large part of limestone 1 
may possibly furnish the carbon dioxide. 

MINERAL WATERS. 

All spring, river, and other natural waters might, strictly sp< 
ing, be termed mineral waters, for to a greater or lesser degree wj 
dissolves nearly every substance with which it comes in contact, 
natural waters therefore contain more or less mineral matter 
solution. Generally ppeaking, however, only waters that carry si 
cient amounts of material in solution to give them a perceptible U 
are popularly known as mineral waters. 

The use of mineral waters at health resorts, imder the care 
competent physicians, is often attended with very beneficial resui 

1 The general geology of the peninsula Is shown In a report by Collier, A. J., and oth 
The gold placers of parts of Seward Peninsula, Alaska: U. 8. OeoL Surrey Bull 2 
pis. 10 and 11, 1908. 
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One of the chief sources of benefit is doubtless the change of habits 
and the relaxation at such places, but the proper use of the water 
itself, aside from its mineral constituents, both for drinking and for 
bathing, is capable of producing great improvement in health. The 
mineral springs of Alaska have been used most beneficially for 
bathing. The several springs that are thus used locally have been 
of great benefit to prospectors and miners, who, after weeks or 
months of work in the cold waters of the creeks, find great relief 
from rheumatism in hot-spring baths. 

Few highly mineralized waters have been found in Alaska, but as 
the substances in solution in even moderately mineralized springs 
have some effect on the human system, the more common substances 
found in them and their chief effects are briefly stated below. 

Silica (oxide of silicon, SiOa) is the chief constituent of most 
kinds of rock, mainly in the form of quartz. It is only slightly 
soluble in ordinary water and hence is present in most waters in 
only small amounts, 50 parts per million being an unusually high 
proportion. It is believed to be usually present in water in suspen- 
sion, as a colloid, or in solution as a silicate or a hydrated silicic 
add. Silica in the amounts found in most waters is believed to have 
very little effect on the human system. 

Iron and aluminum are very common in rocks, but, like silica, 
neither is taken into solution in large quantities by most natural 
waters. Most waters contain more iron than alimiiniun, which in 
many waters occurs in an amoimt so small that it in analyses is not 
determined separately from the iron. The total amount of both is 
rarely more than 25 parts per million. The medicinal value of alu- 
minum in most waters is insignificant Water containing iron is con- 
sidered to be of some benefit for drinking, in remedying a deficiency 
of iron in the blood. Iron-bearing waters are likely to form rusty 
spots on clothes washed in them and may stain bathtubs and wash- 
basins. 

Calcium and magnesiimi are very conmion in feldspar and cer- 
tain other rock minerals. They are fairly soluble and are present in 
many waters in considerable amounts. The proportion of calcimn 
is usually two to five times that of magnesiimi. Both substances 
render water ^hard" and are the main basic constituents of the 
hard scale that is deposited in teakettles and steam boilers. Waters 
containing considerable amounts of calcium carbonate or magnesium 
carbonate are of value in neutralizing acidity of the stomach and 
thus in relieving certain forms of indigestion. Calcium and mag- 
nesium waters that contain predominant amounts of chloride and 
sulphate instead of carbonate are believed to tend to form calculi 
(gallstones). 
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cal reactions, such as the oxidation of pyrite (iron sulphide) 1 
sulphate, liberate heat and may also thus increase the tempei 
of underground waters. 

The results of analyses of water are reported in several wai 
of late years the statement of the radicles present in parts per n 
by weight is most common and is used in this report. The an 
of the constituents stated in the analyses therefore indicate th 
portion, by weight, of the several constituents to the weight < 
mineralized water. For instance, the statement that the amoi 
calcium radicle in a water is 200 parts per million means that ii 
million pounds of the water there is 200 pounds of calcium 
indicate this in quantities that can be better appreciated, it m 
stated that a heaping teaspoonful of an ordinary salt dissolv 
1 gallon of water represents approximately 4,000 parts per mi 
a rounding teaspoonful about 2,500 parts; a thimbleful abou 
parts; and the amount that can be held on the point of a pen 
10 to 20 parts.' 

The minimimi amount of solid material in solution that is pe 
tible to the taste varies greatly with the substance, and to less, th 
marked, degree with the individual. As small an amount as tT 
three parts per million of iron is distinctly perceptible to some pe 
but several times as much aluminum is only barely so. The alk 
(sodium and potassium) and the alkaline earths (calcium and i 
nesium) are much less easily detected by the taste. About 200 } 
per million of calcium or magnesium render a water notice 
** hard.*' It is probable that chloride and the carbonate and sulp 
radicles are the ones that give the distinctive tastes to most min 
waters. About 250 parts per million of chloride renders a water 
tinctly salty. Of dissolved gases that are present in some watei 
or 5 parts per million of hydrogen sulphide gives a perceptible i 
like flavor. 

Most of the analyses of the spring waters were made under conti 
by S. C. Dinsmore at Reno, Nev. Analyses of several were madi 
the laboratory of the United States Greological Survey by R. B. I 
and Alfred A. Chambers. Analyses of two waters (from Bara 
Hot Springs and Chena Hot Springs) , made by the Bureau of Ch< 
istry, United States Department of Agriculture, are also reprodu 
through the courtesy of that department. 

The analyses of the Alaskan spring waters have been examined 
Mr. Chambers, and remarks on the character of each are included 
the descriptions of the individual springs. 

An unusual feature of nearly all the waters is their high cont( 
of silica. The available analyses indicate that in the springs 
sodium carbonate and calcium carbonate type the ratio of silica 
sodium plus potassimn is considerably higher than it is in the si 
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phate and chloride waters. This characteristic seems to be reason- 
ably explained by the fact that in solution the carbonates of the 
alkalies and alkaline earths hydrolize, producing alkaline solutions 
that tend to dissolve silica ; whereas the sulphates and chlorides in 
hydrolizing produce solutions that tend to precipitate rather than to 
dissolve silica. 

HOT SPRINGS. 

SOUTHEASTEBN ALASTTA, 

DISTRIBUTION. 

Hot springs are fairly common on the islands that compose a large 
part of southeastern Alaska and on the adjacent mainland. Those 
reported (see PL II) may be divided into three geographic groups — 
those of Bevillagigedo Idand and the adjacent mainland, those along 
Stikine Biver, and those of Baranof and Chichagof islands. 

Because of the lack of definite knowledge that hot springs are 
absent in the areas between these general groups, and because of the 
lack of detailed information as to the structural conditions in the 
region, an attempt to draw broad conclusions from the distribution 
of the springs is probably unwarranted. The springs seem, how- 
ever, to be definitely related to intrusive masses of rock, principally 
of granitic material, in the schists, graywackes, and other more or less 
altered rocks of the region, and appear to issue along zones of frac- 
turing or faulting in the intrusive rocks. 

BELL ISLAND HOT SPRINGS. 

Bell Island Hot Springs (102*) are on the western end of Bell 
Island, about 50 miles by water north of Ketchikan. (See PL 
in, A.) The property was taken up as a homestead in 1902 by 
George Roe, who erected a bathhouse and a number of cabins along 
a board walk extending to a landing place opposite the boat anchor- 
age and developed the springs as a resort for the medicinal use of 
the water. On his death in 1914 the management of the place was 
continued by his two brothers. 

The principal springs issue at the north edge of a small creek, 
about 400 yards from and 15 feet above high-tide limit in the narrow 
cove into which the creek empties. The water rises from a narrow 
fissure about 15 yards long in biotite granite cut by small veins of 
pegmatite. The rock surface at the springs has been ccmcreted into 
five basins, each about 4 feet deep, the largest being about 3 by 10 
feet in width and length. The observed temperatures of the water 
in the several basins range from 125** to 162** F. From the westem- 

^ Numbers in ptrenthetes correspond to locations Indicated on PL I (In po^et). 
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most and hottest basin a part of the water is conducted to an ad- 
jacent bathhouse having two wooden tubs in separate rooms. Cool 
water for the bath is also obtained from the springs by conducting it 
first through a gratelike arrangement of pipe in the bottom of the 
cold-water creek. 

The waters of all five basins are probably very similar in chemical 
character, though the coolest basin is locally ccmsidered to be less 
mineralized than the others. In taste and smell they are only mildly 
sulphureted. The analysis (tabulated on p. 25) of water froni the 
hottest basin shows it to be high in mineral content and of the 
sodium chloride type, though sulphate is also present in amount 
secondary only to the chloride. 

The total flow of the five basins, as nearly as could be estimated, 
is 8 or 10 gallons a minute. 

About 125 yards downstream from the main group a sixth spring, 
having a temperature of 109® F. and a flow of about half a gallon 
a minute, issues in a small board-curbed pool at the base of a large 
granite boulder. This spring is seldom used, however, and only 
for drinking. Unlike the hotter springs, whose basins are clear, this 
cooler spring is lined with a white, jelly-like algal material, whose 
growth is probably favored by the lower temperature. No other 
hot or mineral springs were reported on the island. 

Evidences of slickensiding in the rock near the springs give indi- 
cation of some faulting in the vicinity; and this may allow the 
escape of deep-seated hot water along the well-marked fissure — ^pre- 
sumably of fault origin — from which the springs rise. The island 
and neighboring mainland appear to be composed entirely of gran- 
itic material,* and no evidence of volcanic activity or of other 
plausible cause for the presence of the hot springs was noted. 

The location of the springs in a sheltered cove near a good an- 
chorage for small boats and within a fairly short run from Ketchi- 
kan makes them well situated for a pleasure and health resort in this | 
southeastern part of Alaska, which is rapidly becoming recognized as 
ideal for summer cruising. 

BAILEY BAT HOT SPRINGS. 

Bailey Bay Hot Springs (100 on PL I) are best reached by laundi 
to the head of Bailey Bay, from which they lie about 3 miles to the 
northwest, on a creek that empties into Lake Shelockum (Mirror 
Lake), whose surface stands about 330 feet above the bay. The 
Forest Service has built a trail from the shore of the bay up the steq) 

^Wright, F. B., and Wright, C. W.. The Ketchikan and WrangeU mining dl8trid» 
Alaska : U. S. GeoL Surrey BolL 847, pi. % 1908. 



Digitized by LjOOQ IC 



1 




o 
o 

UJ 

ec 

> 
m 

D 

ec 

c/f 
O 



O 

X 




Digitized by LjOOQ IC 



Digitized by LjOOQ IC 



HOT SPRINGS OF SOUTHEASTEBN ALASKA. 



21 



slope to the south end of the lake. Thence the springs may be 
reached by rowboat to the west side of the lake and a quarter of a 
nile up the creek. 

The hot water issues from at least nine springs on the steep slopes 
3n the south side of the creek, the vents lying 40 to 150 feet above 
the stream. Their positions are shown in figure 1, which was pre- 
pared from the survey of the property made by the Forest Service. 




Fiouu 1. — Sketch map of Bailey Bay Hot Sprlnss and Tidnity, sootlieaBteni Alaska. 
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WtMn visited in 1915 water from the lowest two q>rings was con- 
ducted to a wooden bathtub in a tent near by. The other spjrings 
were unused, though a quantity of wood-stave pipe had been broii^it 
as far as the lake, the intenticm having been to pipe the hot ^v'ater 
down to a hotel to be built near the bay. 

The individual flow of the springs is from about half a gallon t^) 
more than 20 gallons a minute, and the total yield, as measured by 
the Forest Service, is 82^ gallons a minute. The observed tem- 
peratures ranged from 145® to 191® F. The hottest spring had the 
relatively small flow of only ^ gallons a minute, and the sprinf? 
of largest flow, which is the lowest and the one used for bathing, had 
a medium temperature for the group of 179° F. Water for cooling 
the bath was obtained from an adjacent small cool-water stream. One 
of the central springs of the group (No. 3 in fig. 1), is the most 
interesting, as its water issues from a small fissure in a jet 12 inches 
high, under a pressure that is probably due to hydrostatic head from 
the slopes above. In 1905 F. E. Wright* noted that this jet sported 
up 15 inches, and that the water had a temperature of 203® F. The 
lower temperature and less pressure of the jet in 1915 may represent 
positive though perhaps temporary decreases that were probably due, 
in part at least, to rain and the consequent saturation of the surface 
soil with cold water at the time of the writer's visit. • 

The rocks of the region are granitic,' with some marble-white 
phases in which mica is scarce, and with pegmatite veins carrying 
large flakes of black mica. As viewed from the north the springs 
appear to issue on a steep talus slope at the base of steeper slopes and 
cliffs of granite. When examined closely, however, each spring 
appears to issue from bedrock and, like the jet spring, from a crevice 
in the granite. 

The water in each spring basin is clear and shows considerable 
bubbling of gas that is probably mainly carbon dioxide but that in- 
cludes enough hydrogen sulphide to give a faint but characteristic 
odor of bad eggs. Beddish to green algal growths in the pools and 
overflow channels vary in color and texture apparently with the tem- 
perature of the water and the swiftness of its flow. They are prob- 
ably Cyanophyceae, of which there are several varieties, which grow 
in natural hot waters up to a temperature of fully 180° F. — a tem- 
perature that will soft boil an egg in about 5 minutes. 

Small amounts of carbonate, probably of calcium and magnesium, 
are deposited on stones along the run-off channels of the springs, 
presumably at the points where the escape of carbon dioxide from 
the water is suflScient to cause the precipitation of a portion of the 
material held in solution. 

>0p.clt 'Idem. pi. 2. 
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The analysis of water from the jet spring (tabulated on p. 25) 
shows that it is a moderately concentrated water of the sodium car- 
bonate type. The silica content is unusually high, constituting nearly 
one-third of the total mineral matter in solution. When present in 
such a large amount it seems probable that a portion of the silica 
is present as soluble silicate. 

The issuance of the springs at such notably different elevations 
on a steep slope is unusual and indicates that the several fissures are 
not closely connected, because all the hot water would tend to flow 
from the lowest spring. No topographic or other suggestive evidence 
of faulting in the vicinity of the springs was noted ; but the fractured 
character of the rock in the region suggests that, though actual fault- 
ing of considerable extent may not have taken place, deep fractures 
may be present, which permit the upward escape of the hot water. 

HOT SPRINGS NEAR UNUK RIVER. 

Hot springs are reported on the north bank of Unuk Biver 
(104) about 6 nules above its mouth,^ but at the time the region 
was visited by the writer no guide was found who knew their loca- 
Hon. They are believed, however, to be of rather small flow and 
neither very hot nor notably mineralized. The water probably issues 
from fissures in the granitic material that constitutes the country 
rock over large areas in the region. 

HOT SPRINGS NEAR SAKS CX)VE. 

A group of hot springs (103 on PI. I) on the eastern side of Behm 
Canal, about 10 miles southeastward of the mouth of Unuk Biver 
(Burrou^is Bay) and 5 miles southeast of Saks Cove, was reported 
to the writer by Mr. W. H. Babbitt, of the Forest Service. 

The springs are said to be similar in general character to Bell 
Island Hot Springs, yielding approximately an equal amount of 
scalding water that is slightly sulphureted. The water issues in 
part at the rocky shore and in part directly from a fissure in granite 
200 feet back from the shore. The springs are probably similar in 
mode of occurrence and chemical character to those on Bell Island, 
near Bailey Bay, and near Unuk River, and, like these, are probably 
best ascribed to the escape of deep-seated water along fissures in the 
faulted and fractured granitic rocks that cover an extensive area in 
the region.* 

^Wright, F. E., and Wright, C. W., op. cit., p. 201 and pU 2. 
*Idem, pi. 2. 
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SHAKE8 HOT 8PRINQS. 

Hot springs that have long been claimed by the Indian Chief 
Shake, who lives at Wrangell, issue on the north edge of the valley 
of Stikine Biver, about 20 miles northeast of Wrangell (100 on 
PL I). During the summer the springs are easily accessible by boat 
up the river and a slough and tributary creek, from which last they 
are distant only 200 yarda 

They issue at the base of a granite cliff that abruptly limits the 
valley. Their exact point of issuance is obscured by boulders and 
undergrowth, but the water seems to come forth in a single stream 
only a few feet above the valley alluvium. Very probably it rises 
through a fissure in the intrdsive granitic material that forms the 
greater part of the coastal ranges.^ 

The water has a temperature of 125® F. and a flow of about 100 
gallons a minute. It has no appreciable taste nor odor, and no evi- 
dence of escaping gas was seen. An abundant growth of green algae 
lines the run-off channel and pools. The analysis included in the 
following table (analysis 3) shows that it is a moderately concen- 
trated sodium sulphate water. The content of chloride is notably 
low. Silica is an important constituent, forming about cme-quarter 
of the total mineral matter in solution. 

A part of the flow is conducted in a small trough to a wooden tab 
in a bathhouse a few yards away, and a cabin and woodshed have 
been built near by. 

The springs are used to some extent by Chief Shake and his tribes- 
men for bathing and also occasionally by whites. They are easily 
reached only during the summer months, however, and at least one 
tragedy is connected with their use. In 1915 the hull of a small boat, 
half sunken in the slough near the springs, marked the place where 
two whites had perished while attempting to return to Wrangell 
after the winter freeze-up had started. 

From the river a few miles below the springs an excellent view is 
obtained of Popof Glacier, clinging to the steep mountain side on 
the north. 

» Wright. F. E., and Wright. C. W., op. cit, pL & 
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Mineral analyses of waters from hot springs in sautheastem Alaska. 
(Parts per million except as otherwise designated.] 



Constituents. 



1 



2o 



SUica(SiOi). 

Irwi(Fe) 

A)oiiii]iiim(Al). 
Galdom(Ca). 



'ah-. 



i(Na) -- 

Potassiom (K) 

CarboDatendlcleCCOs) 

Bicwbooate radicle (HCOs) . 

Sulphate radicle (8O4) 

Chloride radicle (CI) 

Nitrate radicle (NO|) 

Total disaolTed soUds at 180* 



Tttnperatiire(* F) . 
Chemical ohaiaoter. . 



105 

:} "-^ 

:i n 

■} 0201 

J 13 

.1 37 

.1 129 

188 



674 



162 
Na^l 



142 

r 1.5 \ 

I 2.2 / 

13 

2.1. 

53 
27 
32 
11 
Tr. 
413 

186 
Na-COi 



108 

h 1.2 

13 

.4 
8T 
0.2 
18 
43 
142 
6.5 



409 

125 
Na>S04 



• Borax present. 



h FesOj+AljOi. 



e Calculated. 



1. Bell Island Hot Sprinn; lowest and hottest basin. ^ , ^ 

ooUe^ed June e,J^016, by O. A. Waring; anal^rzed hy^, B. Dole and AUred A. Chambers 



Has sliffht odor of hydrocen sulphide. Sample 



2. Ballev Bay Hot SpriiiEs; , 
eoUeeted JmM 17, 1015,1^yO7A. Wi 



Jet" spring. Mas slight taste and odor ot hydrogen sulphide. Sample 

, , _. Waring; analysed by 8. C. Dinsmore. 

3. Shakes Hot Springs; principal spring. Ko perceptible odor or taste. Sample collected Juno 19, 
1915, by Q. A. Wa&g; analysed by B. B. Dole and Affred A. Chambers. 



MINOR HOT SPRINGS IN THE WRANGELL REGION. 

Minor hot springs in the general region of Shakes Hot Springs 
are reported from three localities: F. Matheson, of Wrangell, re- 
ported small flows of hot water (99) in the valley alluvium a few 
miles westward from Shakes Springs, and K. J. Johansen, also of 
Wrangell, reported, on authority of the Indians, small hot springs 
(98) on the south side of Stikine Eiver, 6 or 8 miles upstream from 
Wrangell. As the lowlands are covered with dense undergrowth and 
a guide who knew the locations of the springs was not readily found, 
no attempt was made to examine these minor springs. The third 
locahty in the Wrangell region was reported by Gteorge Peterson, of 
the Forest Service, who had heard that hot water (97) issues at low- 
tide level near the light on the south end of Vank Island, about 8 
miles west of Wrangell. A description of these springs was not 
obtained by the writer. 

A fourth group, which probably contains the most notable hot 
springs in the neighborhood of Wrangell, is several miles within 
Canadian territory, on the eastern side of Stikine River, nearly op- 
posite Great Glacier. These springs are remarkable both for their 
position, nearly opposite the glacier front, and for their large flow. 
F. E. Wright, who visited the region in 1906 for the United States 
Geological Survey, reports that a stream of hot water 10 feet 
wide is formed by about eighteen springs that issue within a space 
of 200 yards at the base of a granite mountain. A float measure- 
ment of the stream indicated a flow of about 150,000 cubic feet in 
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24 hours (nearly 800 gallons a minute). A green algal growth 
that forms along the stream indicates by its abundance and color 
that the water probably has a temperature of about 120^ to 150° F. 
The water is believed by Mr. Wright to issue near or along a frac- 
tured zone between the schistose country rock and an intruded 
granite mass. 




BARANOF HOT SPRINGS. 



Baranof Hot Springs (91) issue on the slopes between Wann 
Springs Bay (a small bay on the eastern side of Baranof Island) 
and Lake Baranof, a small lake that lies near but more than 100 
feet above the salt water. The sketch map (fig. 2), based on a sur- 
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vey by the Forest Service, shows the positions and elevations of the 
several springs, and the accompanying legend gives their respective 
temperatures and flows. 

At each spring the water issues from among granite boulders or 
coarse granite gravel that overlie bedrock of the same material. 
The waters of all the springs appear to be similar in character, be- 
ing distinctly sulphureted but not otherwise very noticeably 
mineral in taste. The two analyses (tabulated on p. 32) of water 
from these springs, although not collected from the same spring, 
are very similar in character. Each water is of the sodium car- 
bonate type, of moderate total mineral content, with silica as an un- 
usually large proportion of the total. 

Considerable gas, that is probably carbon dioxide; is given off at 
several of the springs, and the usual green algae, in places coated 
nearly white with sulphur, grow along the run-off channels. 

The springs have been locally used as a health resort for several 
years, and a number of cabins have been erected by local dwellers for 
rental to others who come to the springs. When visited in the smn- 
mer of 1915 there were three bathhouses, the principal one, con- 
taining six wooden bathtubs, being erected near and supplied by 
spring No. 2. Springs Nos. 6 and 7 also supplied separate tubs in 
H cabin adjacent to them and spring No. 5 supplied a large wooden 
tub in a near-by cabin. Water from spring No. 8 was piped down 
to two or more cabins near the bay. Spring No. 9 issues from a 
crevice at the low-water edge of the stream that cascades from Lake 
Baranof to the bay and was not accessible. 

The main country rock of the locality consists of intrusive granitic 
materials,^ but in the vicinity of the springs dioritic and possibly 
more basic rocks appear. Prominent, straight, narrow, parallel 
gorges on the southern side of the bay indicate possible faulting. 
As was pointed out by Joseph McCoombs, who lives at the springs, 
the boulders on the north side of the stream in the immediate vicin- 
ity of the springs are rounded as if waterwom, whereas those in the 
present stream channel are angular. It would therefore appear that 
the stream has comparatively recently shifted its course, possibly 
owing to faulting.' Although the evidence presented by the gorges 
and the boulders is by no means conclusive, the springs appear to be 
in a locality of some crustal movement, and may possibly be ascribed 
to fault fissures that allow the upward escape of deep-seated water. 

The bay and lake are surrounded by snow-covered mountains, and 
the locality is reported to receive a considerably greater snowfall 
thin the remainder of the island. The winter climate is fairly mild, 
however, and parties occasionally spend the winter at the springs. 

> Knopf, Adolph, The Sitka mining district, Alaska: U. S. Q«ol. Smrey BnlL 604, 
PL 1. 1912. 



Digitized by LjOOQ IC 



28 MINERAL SPBIKGB OF ATARgA, 

SITKA HOT SPRINGS. 

Sitka Hot Springs (92 on PL I), which lie 16 miles down the 
coast from Sitka, were perhaps the earliest of Alaskans mineral 
springs known to white men. (See PL IV, -4.) They were visited in 
1841 by Sir George Simpson, governor in chief of the Hudson Bav 
Co.'s territories in North America, who wrote of them as follows : * 

The establishment In the neighborhood consisted of three snug cottages, b^ng 
kept In order by an old fellow of a Russian and his daughter. • • • This 
establishment is employed as a hospital for Invalids from Sitka. ^ * * In 
the neighborhood there are four distinct springs. ♦ ♦ ♦ At its sooroe the 
principal spring possesses a temperature of 54* R., or 153}** F., bein^ hot 
enough, as we found by experiment, to cook an egg in eight minutes. From 
this spring the two baths, one for the natives and the other for the whites, are 
fed, while by flowing about 50 yards through several channels tiie waters 
are reduced to an average temperature of ISO"* F., or 43}"* R. 

As this natural ''medicine" is held In high estimation by the surrounding 
tribes, the native bath enjoys no sinecure of it When the country is sufficiently 
peaceable for moving about it safely, the savages think nothing of coming two 
or three hundred miles to benefit by the healing waters, while they do thdr 
best to take their traveling expenses out of them by lying in soak for hoars 
at a time, with nothing but their heads visible, eating, drinking, and, I may 
add, sleeping in the bath. 

Besides showing the early develc^ment of the springs by the Rus- 
sians, the account of Sir George is of interest in stating that the 
natives used the springs extensively. So far as the writer could 
learn, no other hot springs visited by him had in early days received 
much attention from the natives. Of late years, however, springs 
that have been developed and .used by the prospectors have come to 
be used to some extent by the natives. 

The higher maximum temperature of 153^® F. recorded by Sir 
Gteorge in 1841, as compared with the maximimi of 149° F. noted by 
the writer in 1915, possibly indicates a slight cooling of the water; 
but the point of observation, the depth of immersion of the ther- 
mometer and its accuracy, and the amoimt of cold water infiltrating 
from the rain-soaked ground may easily account for the small 
difference. 
' Dall,^ writing of the history of the country, says that in 1861 

a hospital for skin diseases was opened at Sitka, near the sulphur springs. Tbe 
water contained sulphur, iron, chlorine, and manganese, and had a temperature 
of 122** F. ♦ ♦ ♦ Whitby records the existence of hot saline springs b^ow 
high-water mark near Sitka. 

The "sulphur springs" mentioned are very probably the Sitka 
Hot Springs, as no springs in the immediate vicinity of Sitka are 

1 Simpson, sir George, Narrative of a Journey round the world during the yean 1841 
and 1842. vol. 2, pp. 104-196, London. 1847. 

s DaU, W. H., Alaska and its resources, pp. 353, 472, Boston, 1870. 
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WATER>8UPPLY PAPER 418 PLATE IV 




A^ SITKA HOT SPRINGS, BARANOF ISLAND. SOUTHEASTERN ALASKA. 




B. TENAKEE HOT SPRINGS, CHICHAGOF ISLAND, SOUTHEASTERN ALASKA. 




a CIRCLE HOT SPRINGS, CIRCLE DISTRICT. 
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known to the writer. The locality of the ^' hot saline springs '^ is not 
given by Dall; hot water may issue alongshore at Sitka Hot Springs, 
but of late years such springs have not been recognized. 

For several years the Sitka Hot Springs have been conducted as a 
health and rest resort, a hotel and several cottages furnishing ais 
oommodations for about 30 guests. The principal buildings are 
about 100 yards from and 50 feet above the beach, and the springs 
issue from slopes somewhat higher. The observed elevation, tem- 
perature, and flow of each of the four springs are as follows : 



Eleva- 
tion 
above 
highest 
ash 
tide. 



Temper- 
ature. 



Flow. 



Feet. 

MainMng 00 

Macneda Spring 55 

Botohor Spring 55 

OMBosaian Spring 80 



•F. 
140 
143 
124 
95 



(Ms. per 
min. 



(«) 



a No appreciable flow. 

The flows of the several springs increase from the coolest to the 
hottest, the hottest spring yielding much more water than the total 
flow of the others. This is unusual ; in most groups of hot springs 
the highest temperature is apt to be f oimd in a spring of minor flow. 

The Old Bussian Spring was imused in 1915, and formed a pool 
that was still curbed with logs said to have been put in place many 
years ago. The Sulphur Spring, about 40 yards to the northwest, 
supplied a small bathhouse reserved for the natives. Water from the 
other two springs was piped down to the hotel, 30 yards away, and 
in addition to supplying several bathrocnns was also used in a hot- 
water heating system for the building. 

Analyses of waters from the two larger springs tabulated on page 
32 ^ow that they are almost identical in composition. Each is a 
highly mineralized sodiimi chloride water and is essentially a weak 
brine. Chloride constitutes more than one-half of the total solids. 
Relatively small amounts of carbonate and bicarbonate are present 
and magnesium is very low. Although the waters are saline they evi- 
dently are not derived from the near-by sea, for the relative propor- 
tions of the constituents are not the same as in sea water. For 
example, in the spring waters the ratio of calcium to sodium is about 
1 : 3.6, and of sulphate to chloride the ratio is about 1 : 30 ; whereas in 
sea water these ratios are respectively about 1 : 80 and 1 : 7. 

In the vicinity of the springs the granite from which the hot waters 
issue is cut by narrow dikes of darker rock, resembling diabase, that 
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is classed as a spesBartite (garnet) lampn^hyre.^ In the nmnerons 
rocks and islets dotting the water northward between the springs and 
Sitka hard metamorphosed sandstones and other sediments of Meso- 
zoic age' are penetrated by dikes and massive bodies of intru- 
sive granite. Although the hot waters issue at the surface from 
granite they may owe their escape from considerable depths to 



per minute 




iCX>RMt 



Fiouia 8. — Sketch map of hot sprlngB near Fish Bay, Baranof Island, soatheistcn 

Alaska. 

crevices or fissures along contact zones between the intrusive granite 
and the altered sedimentary rocks. 

HOT SPRINGS NEAR GUT BAT. 

E. W. Merrill, of Sitka, told the writer that a few years ago be 
found the water of the first creek on the northern side of Gut Bay. 
on the eastern coast of Baranof Island (93), to be warm and to taste 



1 Alaska, vol. 4, p. 18, Harrlman 
• Knopf, Adolph, op. dt, pi. 1. 



Alaska Expedition, 1904. 
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disagreeably, probably of hydrogen sulphide. Search was not made 
for the source of the warm water, but it very probably comes from 
springs near the creek channel and not far upstream. 

The rocks in the vicinity of Gut Bay are of Paleozoic age, compris- 
ing limestone and schists as well as greenstones and other varieties of 
incient lavas.^ The hot water possibly rises along a fractured and 
Bssured zone in the country rock. 

HOT SPRINGS NEAR FISH BAY. 

A number of hot springs (89 on PL I, in pocket) issue along a 
small stream about 3 miles east of the head of Fish Bay, 40 miles 
Dorth of Sitka. These are possibly the springs that have been re- 
ferred to as being in Cook Bay.^ Evidence that Fish Bay has been 
known as Cook Bay is not at hand, however, nor is there any other 
bay on Baranof Island that is generally known as Cook Bay. 

The positions of the several springs and their temperatures and 
approximate discharges are shown in figure 3. The waters of the 
several springs appear to be very similar ; all are mildly sulphureted 
but not otherwise notably mineral in taste. More or less active 
bubbling is caused at the several vents by a gas which, when collected 
in a bottle, extinguishes a flame and is probably carbon dioxide. 

The analysis of water from spring m (see fig. 3), included in the 
following table (analysis 5), shows that it is a sodium carbonate 
water of moderate concentration. Unlike most of the hot-spring 
waters the chloride content is very low. Silica is high, as it is in 
other of the Alaskan waters. The presence of 34 parts per million 
of the borate radicle (B^O^) is noteworthy and seems to indicate 
the presence of volcanic emanations of intrusive volcanic rocks car- 
rying appreciable amounts of boron. 

^ Knopf, Adolph, op. dt, pi. 1. 

'Wright, C Wn NonmetaUic deposits of soatheastern Alaska: U. S. GeoL Surrey 
Bun. 284, p. 00. 190«. 
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Mineral analyBes of toai€r9 from hot 9pring9 in the Yukon River bmHn, Alamka. 
[Parti par million except as otiMrwiae dflfigDAtod.] ' 



Cxnstltuents. 



2a 



SUlcaf 
Iron (Fe). 

Aliimlnnm (Al) 

Calcftim (Ca) 

Magnesium (Mg) 

Sodium (Na) 

Potassium (K) 

Carbonate radicle (COi) 

Bicarbonate radicle (HCOi). . .. 

Sulphate radicle (SOO 

Chloride mdlclo (CI) 

Nitrate radicle mOs) 

Borate radicle ( B4OT ) 

Total dissolved solids at IHO* C. 



TempefatQre(*F.). 
Chemical ohancter. 



M 

6 1.8 
4.0 

1.1 

c58 

.0 
98 
49 
0.8 



208 

122 
Na-COt 



71 

».00 

2.4 
.2 
55 
2.3 
35 
30 
43 
2.8 
Trace. 
.0 
«228 



Na^Os 



90 
.75 
1.0 
378 
7.2 
1,440 
00 

.0 
20 
88 
2,745 
.0 
Trace. 
4,877 

149 
Na-Cl 



122 

.5 
2.1 
378 
2.0 
1,305 
57 

.0 
31 
97 
2,740 

.0 
Trace. 
5,040 

142 
Kara 



u 
2.4 

O 

a 

24 
4-5 
Tim. 
34 



U7 
Na^COi 



• Contains 0.1 part per million of lithium; negative tests obtained for phospbate, 1 
and strontium, 
b FesOrfAlsOi. 
e Calculated. 
4 By summation, with bicarbonate computed as carbonate. 



1. Baranof IJot Springs ; uppermost spring (No. 7 of fig. 2). Sample collected June 2^ 
iai5, by G. A. VVarfnjf ; analyzed bv R. B. Role and Alfred A. Chambeni. 

2. Baranof Hot Springs ; probably from spring No. 8 of ftg. 2. Sample collected Asg. 
13, 1913, by W. G. Wclgle ; analyzed by F. B. Furber, Bureau of Chemtetry. U. 8. Dept 
Agriculture. 

:t. Sitka Hot Springs ; principal spring:. Tastes salty and distinctly of hydrogen ma- 
phlde. Sample collected June 25, 1915, by G. A. Waring; analysed by 8. C. Dinsmore. 

4. Sitka Hot Springs, " Maenesia Sj»ring." Tastes distinctly salty and has faint oder 
and taste of bydro^ren f^uipblde. Sample collected June 26, 1915, by G. A. Waiiof: 
analyzed by S, C, Dinsmore. 

5. Hot SpHnK's near Fish Bay ; principal spring. Haa slight odor and taste of hydro<!« 
Bub^buip. Kninnip miim-t.^d jnnp ',»*!. iniT., by G. A. Waring; analysed by 8. C. Dfnamom 

Algal growths, the usual accompaniment of thermal sulphur^ 
water, form greenish leathery coatings along the run-oflf channels. 
At two or more places along the small creek there are deposits of 
black muck, similar to that at Kruzgamepa Hot Springs (13), which 
A. F. Rogers, of Stanford University, examined microscopically and 
found to consist of opaque, black colloidal ferrous sulphide, diatoms, 
and earthy matter. 

Fish Bay Hot Springs were first made accessible to white men bj j 
William Hanlan, of Sitka, who was told of their approximate loca- 
tion by Indians. After two unsuccessful trips, he found them about 
1905, cut a trail to them through the dense forest, and constmcted 
the log bathing pool at spring m (fig. 3). Within recent years they 
have been frequently visited by the men from the logging camp of 
W. R. Eubanks, at the head of the bay. Several of the springs have 
been excavated and used either as clear-water or as mud baths. 

A considerable area east of Fish Bay and also the higher slopes to 
the south and west are occupied by Paleozoic schists and associated 
rocks, but the bedrock in the vicinity of the bay is composed of la*^ 
granitic materials, intruded into the older formation. The eastern 
border of the intrusive belt is in the neighborhood of the springs.* 

^ Knopf, Adolph, op. clt., pi. 1. 
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Bock is not well exposed at the springs, being covered by soil and 
loose material, but the fragments examined are of schist, with quartz 
veins. On the northern shore at the head of the bay a coarsely 
crystalline hornblende-feldspar rock is exposed. The steep, forested 
slopes along the northern shore are scarred by numerous landslides, 
which suggest a broken or crushed condition of tiie underlying rock. 
The small creek, along whose western side almost all of the hot 
springs issue, may also follow either a crushed zone in the bedrock 
or possibly even the contact zone between the schist and the horn- 
blende rock. 

The shore at the head of Fish Bay is flat and covered with 
subangular stones, the largest about 6 inches in longest dimension. 
The normal tides here have a range of about 10 feet and alternately 
cover and expose the beach for about a quarter of a mile. While the 
tide is coming in bubbles issue at many places in th» water near the 
shore, suggesting that carbon dioxide or other gas may be escaping 
from the ground. A test with a flame indicated, however, that it is 
air, which has probably been trapped in the porous gravelly beach by 
the rapidly rising tide. 

HOT SPRINGS ON NORTH ARM OF PERU. STRATT. 

On the north shore, about three-quarters of a mile eastward from 
the head of Norcn Arm of Peril Strait (Hooniah Sound), heated 
water (87) issues at about half -tide level from the mussel and keip 
covered rocks. As the warm water rises beneath or flows into the 
cold s6sL water, its presence is betrayed by convection currents, which 
give an oily appearance to the surface; but when examined at low 
tide the warm water has no noticeable taste nor odor. There is only 
a little bubbling, as of gas, and a small amount of dark-green vege- 
table growth, either algae or a seaweed. 

The three principal springs found issue from fissures in the rock, 
separated by spaces of 5 and 2 feet, about 100 yards northwest of a 
small cold-water stream. The temperature of the springs was 101° 
F., and their flow per minute, as near as it could be measured, was, 
respectively, about IJ gallons, a quarter of a gallon, and three- 
quarters of a gallcm, but the discharge appeared to diminish as the 
tide fell, perhaps in part because of the draining off of contami- 
nating sea water from the adjacent rocks above the springs, but 
probf^ly in greater part because of the lowering of the hydrostatic 
pressure by the falling tide and the escape of the warm water from 
lower crevices. 

The analysis of the water of the largest of the three springs 
(analysis 1, p. 40) shows that it has a high total mineral content 
861S2*— wsp 41S-17 8 
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and is of the sodium sulphate type. Although the sample collected 
contained considerable chloride it seems not to have been greatly 
contaminated with sea water left in the moss and gravel by the 
receding tide, for if it had been so contaminated it would have con- 
tained more chloride than sulphate. 

Beneath a low cemented gravel bank, near a large boulder 100 
yards northwest of the principal group of springs, slightly warmer 
water (temperature 103° F.) forms oil-like convection currents over 
an area of several square yards in the adjacent bay water, but the 
outlet of this spring lowers with the tide, so that its discharge is not 
measurable. No other warm springs were found in a search extend- 
ing from the head of the bay to a point a quarter of a mile east of 
the cold-water stream near the main spring group. 

Cliffs of massive granitic material rise frcxn the narrow bouldffl? 
talus slope along the shore. In the main the rock seems to be com- 
paratively unaltered, but near the springs there is a zone, possibly 
a dike, of fractured and altered dioritic rock. In the hand ^>ecimeii 
this material shows considerable epidote and chlorite, products of 
the alteration of the original hornblende, and F. L. Hess, of the 
United States Greological Survey, noted that it contains much sphene. 
The escape of the spring water, probably heated either by the depth 
from which it rises or by chemical reactions in the altered rock, is ap- 
parently facilitated by the presence of this fractured mass of rock 
in the larger mass of intrusive crystalline material of the region.^ 

Because of their inconspicuous issuance and their inaccessible loca- 
tion for bathing the springs are little known, and no attempt has been 
made to improve them. 

HOONIAH WARM SPRINGS. 

Hooniah Warm Springs (86) are on the oceanward coast of 
Chichagof Island, about 70 miles northwest of Sitka. They may be 
reached by launch in calm weather, but as the coast is rocky and 
there is usually a heavy surf they have not been often visited. A 
log bathhouse or sweat chamber has been built over the principal 
spring, however, and the locality is the occasional camping place of 
hunters and trappers. The springs are in a small rock cove, in 
which much driftwood is cast up, on a beach of large rounded stones. 

The principal spring issues at the edge of the forest, a few feet 
above the limit of drift logs and about 25 yards from and 15 feet 
above normal high-tide level. The water issues at a temperature of 
111® F. from a vertical opening the size of one's hand, in dark hard 
schistose rock. After flowing through a natural rock pool, over 

^Knopt Adolph, The Sitka mining district, Alaska: U. 8. Geol. Survej BolL 50i 
pL 1, 1912. 
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which the bath chamber has been built, the discharge — 30 gallons a 
mmute-— cascades down to tidewater. 

The spring water tastes only faintly sulphureted,. and there ap- 
pears to be no escape of gas. A noticeable bubbling in the water 
below a small cascade in the run-oflf channel is probably due to air 
trapped in the cascade, rather than to gas escaping from the water. 
Much pale salmon-colored to white, stringy algal growth forms 
along the run-off channel, as is usual at sulphureted warm springs. 

The analysis of water from this spring, tabulated on page 40, 
shows that it is a moderately concentrated sodium chloride water 
containing considerable sulphate. Silica forms more than a third 
of the total content, possibly in part as a soluble silicate. 

A seccHid spring, with a temperature of 110^ F. and a discharge 
of about a gallon a minute, issues among the cobbles 20 yards east 
of and 7 feet lower than the main spring; and vapor, possibly from 
the same spring or fissure, issues from openings in the forest soil 
15 yards shoreward. A third spring, with a temperature of 84° F. 
and a flow of half a gallon a minute, rises with slight bubbling in 
the muck of a small stream channel 50 yards west of the principal 
spring. 

Conditions at the main spring, where the water appears to issue 
directly from a fissure in the schist, indicate that the thermal water 
rises along such seams in the rock, which dips 80° S. 20° W. The 
abnormal temperature of the water may be due solely to the depth 
from which it rises, but it seems probable that it is due, in part 
at least, to the presence of intrusive rocks, which form a wide zone 
east of the springs.^ The schist from which the warm water issues 
is a common alteration phase of the Paleozoic or Mesozoic sediments 
near their contact with intrusive rocks throughout southeastern 
Alaska. 

TKNAKEE HOT SPRINGS. 

Tenakee Hot Springs (88 on PL I), formerly known as Hooniah 
Hot Springs, form one of the best-known of the Alaskan spring 
resorts. In 1891 there was a small native village near the springs,^ 
which were probably locally used to some extent much earlier. 

For 20 years or more the place has been used as a bathing resort 
by whites, and within the last 10 years a considerable settlement has 
been built up here, with post office (established in 1903) and supply 
stores. (See PI. IV, B.) 

^ Knopf, Adolph, op. dt, pi. 1. 

*Paclflc Coast PUot, Alaska, pt. 1. p. 168, Washington, 1891. 
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The springs are cm the north shore of T^iakee Inlet, approximately 
halfway by steamer route between Juneau and Sitka — about 100 
miles from either place by the rather tortuous course necessitated 
by the several islands. The weekly steamer between Juneau and 
Sitka stops there regularly, going and returning. 

In 1915 the Forest Service improved the property, which is within 
the T<mgass National Forest, constructing a plank walk and moving 
the various cabins into alignment along it These cabins have been 
erected by individuals, who pay a nominal lease to the Forest Service 
for the land and rent the cabins to visitors. The several springs and 
the improvements in 1915 are shown on the sketch map (fig. 4), pre- 
pared from a survey of the property by the Forest Service, 

The principal spring (D, fig. 4) issues a few feet above high- 
tide level in a cemented bathing pool in a long building. The water 
rises through a fissure in the rock bott<Hn of the pool, which con- 
tinually overflows. This pool has been the only bathing place, 
certain hours being specified for its use by men and by women, but 
in 1915 it was the intention to provide better accommodations. The 
observed discharge was 7 gallons a minute and the temperature was 
106^ F. The temperature is said to vary with the stage of the tide 
from about 104*^ to 109° F., being warmest at high tide. 

A noticeable increase both in temperature and discharge may be 
possible at high tide, owing to greater hydrostatic pressure and con- 
sequent shutting off of the escape of warm water through lower 
fissures in the rock ; but the presence or absence of such a phenomenon 
was not satisfactorily determined by the writer. 

Other springs issue in the vicinity of the principal spring. Spring 
F (fig. 4) was formerly piped down to the bathhouse for drinking, 
but it has been allowed to become choked with vegetation since a 
nearer spring, £, has been opened and the water conducted to the 
board walk as a drinking supply. Its warm temperature and dis- 
tinctly sulphureted taste render it unpalatable to many persons, 
however. A cool sulphur spring. A, which has been surrounded 
by a cylindrical concrete wall 6 feet high and thus forced to over- 
flow above the reach of the tide, is to some people a less unpleasant 
drinking water, thou^ it tastes more strongly of hydrogen sulphide. 
Spring H issues only a short distance above low-tide limit and hence 
is covered by salt water most of the time. Its flow and temperature 
are, however, nearly the same as those of the principal spring. In 
1915 a wooden spout a foot hi^ had been securely placed over the 
vent, which gave off considerable gas as well as water. This gas 
repeatedly extinguished a flame and was probably carbon dioxide. 
Smaller springs, O, I, and J, in the vicinity, also actively bubbled, 
presumably with the same gas. Several other minor springs are said 
to be exposed at extreme low tide. 
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Analyses of water from tiie principal spring and from the cool 
sulphur spring are tabulated on page 40. The two waters are of 
the sodium sulphate type and the proportions of the several sub- 
stances are nearly the same in each, though the cool water is only 
about one-half as concentrated as the hot water. The presence of 
borax in each water is worthy of note, especially as no source of 
borate is evident in the vicinity. 

The rock formation in the vicinity of the springs appears to con- 
sist of dark gneiss, intruded by light-gray granite, both of which 
are phases of an intrusive crystalline area in Paleozoic sediments. 
Small amounts of schist are also present near the springs, apparently 
in the contact zone between the old sediments and the crystalline 
rocks.^ The principal spring rises from a fissure in the gneiss. The 
other springs possibly also rise along fissures, either in the gneiss or 
in the granite, but the bedrock surface near them is covered by a 
layer of gravel, cemented by the deposition of lime from the spring 
water. 

As was pointed out to the writer by Ed. Snyder, merchant and 
postmaster at Tenakee, springs C, D, E, and F lie nearly in a line 
that trends northeastward, and possibly they issue along the same 
fissure. The crevice in the bathing pool at D also trends north- 
eastward. 

The abnormal temperatures of the springs may be due to local 
crushing, caused by the intrusion of lighter-colored granitic ma- 
terial into the more gneissic rock, or it may, perhaps, be due merely 
to the rise of the water from a considerable depth along the zone of 
fracturing, though not necessarily of appreciable faulting, at the 
contact of the crystalline and sedimentary rocks. 

HOT SPIONGS NEAR HIOAD OF TEKAKKB llXlXt. 

About 4 miles above the mouth of a large creek that enters the 
head of Tenakee Inlet (84), scalding water issues at several points 
at the right-hand edge of the stream canyon. The hottest water 
rises with a temperature of 179^ F. in a shallow algae-lined pool 
about 50 feet long and 3 to 8 feet wide, on the border of a gravel 
flat at the base of a steep forested slope. When visited in July, 1915, 
the discharge from this pool, together with that from an adjacent 
minor pool, was only about 4 gallons a minute, and it sank into the 
gravel after flowing only a few yards northeastward parallel with 
the base of the canyon side. Near the edge of the creek, however, 
76 yards distant along a well-defined channel from the main pool, 
hot water of a considerably lower temperature issued at several 

> Knopf, Adolpb, op. cit, pL 1. 
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small vents. Minor warm pools without surface discharge were also 
noted along the high-water margin of the gravelly stream channel. 
The fK>sitions of the several springs and pools with respect to each 
other and the canyon sides are shown in figure 5. 




Brush -covered / ^,,sS»«^!« "o 
gravel flat / ^,,^# 
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FiouBB 6^ — Sketch map of hot ■prings and Ticinlty, near head of Tenakee Inlet, Chlchagof 

Island, southeastern Alaska. 

Although the positions of the minor hot springs suggest that 
their water may come from the principal spring, the three northern- 
most springs issue directly from seams in a low cliff at the creek 
edge. The conditions indicated that all six northern springs issue 
from a small fissure that extends about S. 70*^ W. The water of 
these cooler springs is without noticeable odor and taste, but that 
of the hottest pool, which is apparently supplied from another fis- 
sure, is distinctly sulphureted and also tastes noticeably mineralized. 
A thin white coating that probably consists chiefly of lime carbonate 
is deposited on pebbles in its overflow channel. An analysis of the 
water of the hottest spring, given in the following table (analysis 5), 
shows that it is a sodium sulphate water of fairly high mineral con- 
tent, similar to the water of Tenakee Hot Springs. Like the water 
of other hot springs of Alaska it has an abnormally high content 
of silica. 
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Mi$wiral analyses of waters from hoi springs in southeastern Alaska. 
[Parts per mUUon except as otherwise designated.] 



CoDsUtaents. 


1 


2 


3 


4 


5 


Silica (SiOi) 


40 
1.4 
5.3 
37 
11 
206 
3.8 
.0 
35 
329 
133 
1.0 
Present 
786 

101 
Na-SO* 


96 
3.1 


94 
1.0 
2.4 
35 
2.8 
/ 201 

26 

302 

09 

.0 

Present 

787 

106 
Na-SOi 


57 
.5 
TiBce. 
11 

.6 
111 
2.8 
28 
2.4 
166 
31 
1.0 
Present 
431 

56 
Na-SOi 


U9 


Iron (Fe) 


11 


AJiuninuin ( Al) 


4.6 


Calcium (Ca) . .'. 


8.5 
Trace. 

' s 

18 
35 
42 
.3 


21 


Magnesium (Mg) 


la 


Sodium (Na\ .."'.... 


137 


Potassium ( v) 


4.1 


Carbonate radicle (COi) 


7.2 


Bicarbonate radicle (HCOi) 


48 


Sulphate nidii^le ( SO^) 


236 


Chloride radirle (CI ) 


83 


Nitrite radicle (NO3) 


.0 


Borate radicle ( B4OJ) 


PresHit 


Total dissolved solids at ISO'C 


276 

111 
Na-Cl 


5S2 


a>inpM«t»i9 (*v,) 


179 


Onmiff^i chAnctfir . 


Na-SOi 







1. Hot springs on North Arm of Peril Strait ; northernmost spring of main group. Has 
no noticeable Uste or odor. Sample collected June 29, 1915, by G. A. Waring ; analyxed 
by S. C. Dinsmore. 

2. Hooniah Warm Springs; principal spring. Has faint taste and odor of hydrogeo 
sulphide. Sample collected June 28, 1915, byG. A. Waring ; analysed by B. B. Dole snd 
Alfred A. Chambers. 

3. Tenakee Hot Springs ; principal spring. Sample collected June 23, 1915, by G. A. 
Waring; analysed by S. C. Dinsmore. 

4. Cool mineral spring at Tenakee Hot Springs. Has distinct odor and taste of hydro- 
n sulphide. Sample collected June 23, 1915, by G. A. Waring; analyzed by S. C. 
nsmore. 

5. Hot springs near head of Tenakee Inlet ; spring at pool. Has noticeable odor and 
tsRte of hydrogen sulphide, and deposits small amounts of calcium carbonate. Sample 
collected July 1, 1915, by G. A. Waring ; analyzed by S. C. Dinsmore. 
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The rock exposed in low cliffs on each side of the creek, near the 
springs, is dioritic, much altered on the surface, and is traversed by 
white veinlets of material that has been examined chemically by W. 
T. Schaller, of the United States Geological Survey, and found to 
consist chiefly of a zeolite whose optical properties indicate that it 
is probably heulandite. This mineral may have been derived from 
the decomposition of plagioclase feldspars in the dioritic rock. The 
rock appears to form a ledge trending N. 60^ E. through the more 
prevalent granitic material. Its presence in the larger area of granite 
suggests that its intrusion is the main cause for the issuance of the 
hot water. The relation of the springs to the two varieties of rock 
is not clearly evident, however, and the geologic structure to which 
the issuance of hot water is due may be the larger one of a contact 
zone between the intrusive crystalline rocks and Paleozoic sediments.^ 
Along the creek channel, near the springs, there are fragments of 
white crystalline limestone, which become more common and more 
angular toward the head of the creek, indicating that the limestone 
(a member of the Paleozoic sedimentary series) crops out not far 
upstream. 

At the time of the writer's visit no trail had been cut to the 
springs through the dense forest and undergrowth, and their loca- 

^ Knopf, Adolph, op. dt., pL 1. 
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tion was known to only a few whites and Indians, It would, how- 
ever, be comparatively easy to clear a road to them along the creek 
from the head of the inlet and to pipe the water a few hmidred 
yards downstream to a suitable place for a bathhouse and other 

buildings. 

OTHER HOT SPRINGS NEAR TENAKEE INU^T. 

Several hot springs in addition to those at* Tenakee and near the 
head of Tenakee Inlet were reported to the writer, but no attempt to 
visit them was made, as a guide could not be found and search for 
such small springs in the dense imdergrowth was not practicable. 

Hot springs (85) near Nika Bay, a small bay on the west side 
of Port Frederick, southwest of the village of Hooniah, and hot 
springs (82) on a creek near the head of Mud Bay, northwest of the 
same village, were reported by George Peterson, of the Forest Service. 

Hot springs (83) on the north shore of Lisianski Inlet, west of 
Hooniah, were reported by W. G. Weigle, of the Forest Service, but 
only their approximate location was learned. 

Tom Starr, of Tenakee, the native guide who conducted the writer 
to the hot springs near the head of Tenakee Inlet, reported a warm 
spring (81) near Lituya Bay, on the coast of the mainland, about 80 
miles northwest of Hooniah, but he had not personally visited this 
spring. 

A " hot spring near Hooniah " reported to the Geological Survey 
may be one of the thermal springs already mentioned, but there are 
possibly several other springs of warm or hot water in the region. 
The northern part of Chichagof Island consists of a series of 
Paleozoic sediments, intruded by later crystalline rocks,^ all more 
or less fractured ; so that conditions favoring the presence of ther- 
mal springs probably exist at a number of places. The springs that 
are now known are all near tidewater, where they have been easily 
discovered. As the interior of the island is penetrated more and 
more other springs, now hidden in the dense undergrowth, will 
probably become known. 

HOT SPRING ON TWELVEMILE CREEK. 

A hot spring on Twelvemile Creek (51, PI. I) near the head of 
Ejagna Eiver, a tributary of upper Chitina River, was reported 
to F. H. Moffit, of the United States Geological Survey, by James 
Barkley, who has prospected extensively in the region. In 1906 or 
1907 Mr. Barkley found a small stream of heated water beside the 
creek, but on revisiting the place about 1913 could find only a small 

^ Knopf r Adolpb, op. cit., pL 1. 
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area of warm mud at its site. Daring the intervening years the 
spring had apparently been either partly buried by slide material or 
had been destroyed by other changes in surface or underground con- 
ditions. The spring is in a regi(m of altered sediments that are 
believed to be chiefly of Paleozoic age.* 

SOUTHWESTEBN ALASKA. 
DISTRIBUTION. 

Hot water doubtless issues in many localities on the Alaska Penin- 
sula and its extension in the Aleutian Islands, especially in the 
vicinity of the numerous volcanoes, active or quiescent. 

Bussell * says of the region : 

The conspicuous and in fact the only weU-characterlzed volcanic belt In 
Alaska begins in the east, at the head of Cooks Inlet, and extends westward 
throughout the Alaska Peninsula and Aleutian Islands. This belt of igneous 
activity is nearly 1,000 mUes long, with a width in general of less than 40 
miles. It is so narrow and weU defined that two paraUel lines drawn on a map 
of Alaska, 25 miles apart, may be made to include nearly every volcano in tbe 
belt that is known to have been active in historic times. This may, for coo- 
venience, be termed the Aleutian volcanic belt 

The numerous volcanic vents that mark the course of this long narrow bdt 
the many earthquakes that have been felt at intervals since the discovery of 
Alaska in its vicinity, and many changes of level recorded by terraces, as well 
as by the observations of white men, all indicate that a fracture or perhaps t 
series of intersecting breaks in the earth's crust there exists, along which 
marked changes have taken place in recent times and are probably still Id 
progress. The sea to the south of the Aleutian Islands is deep. The deepest 
soundings obtained previous to 1896 were in that region in what is ImowD as 
the Tuscarora deep. North of the Aleutian Islands lies Bering Sea, for tlie 
most part shallow, which corresponds with the submerged continental border 
along the Atlantic coast of North America. The conditions are such as to favor 
the view that the Aleutian volcanic belt is not only a belt of fracture, but that 
dOlrerential movements of the rocks of a pronounced character on the two sides 
of the belt have occurred— that is, it Is a belt of faulting. 

The statement of Grewingk* that there is definite information of 
volcanic activity on 25 of the Aleutian Islands, on which 48 craters 
have been enumerated, with at least 4 more on the Alaska Peninsula 
and 2 on the shore of Cook Inlet, has been quoted by Russell * and 
others. Later observers have found a few volcanoes that were not 
known to Grewingk, and several of the localities indicated by him 

have been found to be of lavas but not volcanic within historic times. 

f— ■ ■ 

1 Brooks, A. H., The geography and geology of Alaska: TJ. 8. Geol. Sarrey Pw^ 
Paper 45, pi. 21, 1906. 

* Russell, I. C, Volcanoes of North America, pp. 268-269, New York, 1897. 

* Grewingk, C, Beltrag snr Kenntniss der orotn^phlschen und geognostlschen Befchtf- 
fenheit der nordwest-KUste Amerikas mit den anliegenden Insein : Boss. k. mlneraL GetelL 
Verb., 1848-49, p. 195, 1850. 

*Op. dt, p. 270. 
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Mount Calder, at the north end of Prince of Wales Island, men- 
ticHied by him as being a volcano, is composed of limestone. There 
are, however, at present 33 volcanoes of actual or relatively recent 
activity recognized in Alaska, all being in its southern portion. 
These volcanoes have been indicated on Plate I (p. 12), by G. C. 
Martin, of the United States Geological Survey. 

During recent years the most notable eruption has been that of 
Mount Katmai, June 6 to 8, 1912.^ 

Grewingk* specifically mentions hot springs in the following 
places, concerning only a few of which additional information is at 
hand: Hot springs (92) on Baranof Island (Sitka Hot Springs, see 
p. 28); hot springs (75) near Balboa (Portage or Parenosa) Bay; 
hot springs (74) on a little island at the entrance of Morzhovoi Bay, 
probably Amagat Island; hot springs (73), called by the Russians 
^Goratschuch Kljutschei," on the inlet of the same name;' hot 
springs (76) at Port Moller (see p. 45) ; hot springs (72) and hot 
marshes near Pogromni Volcano, on Unimak Island; hot springs 
(70) on a little island on the northwest side of Akun Island; hot 
springs (69) near the crater on Agutan Island; hot springs (68) 
near Makushin Volcano, on XJnalaska Island;* hot springs on 
Umnak Island, both at the base of Vsevidof Volcano (64) and north- 
east from it (65) ; ^ hot springs (67) on Bogoslof Island (see p. 47) ; 
hot springs (68) and exhalations of gases on Eagamil Island; hot 
springs (62) at the base of the volcano on Chuginadak (Tanach- 
Angunach) Island; hot springs (61) and mud craters on Seguam 
Island; hot springs (68) and mud craters on Conical Volcano* on 

*For detailed descriptions of this eruption see Dalley, I. M., Beport of the emp- 
tlon of Katmal Volcano : Am. Oeog. Soc. Bull., yol. 44, No. 9, pp. 641-644, 1012. Clark, 
O. A., The Katmal eruption : Selsmol. Soc. America Bull., vol. 2, No. 4, pp. 226-229, 1912. 
Martin, G. C, The recent eruption of Katmal Volcano In Alaska, an account of one of 
the most tremendoos volcanic explosions known In history : Nat. Geog. Biag., toL 24, 
No. 2. pp. 131-181» 19ia 

»0p. dt, pp. 204-208. 

'These are probably the springs which Petrof (Tenth Census, yol. 8, p. 19, 1884) 
says are len than half a mUe from the village of Protassof or Morshevol [Morshovol]. 
Of these springs he says : " There is a series of warm sulphur springs and ponds, which 
would afford the sickly natives partial or permanent relief could they only be Induced 
to baihe therein ; bot, while there is not one man, woman, or child in the viUage free 
from cutaneous disease of some kind, not one of them can be Induced to make the 
uertion necessary to try the efficacy of the waters." 

* These are possibly the springs which Dall (Alaska and Its resources, p. 472, 1870) 
mentions as being near Port Levashef or Captains Harbor and having a temperature 
of M* F., though hot springs may formerly have Issued nearer to the crater of Hakn- 
shtaL N. O. Lawton (Makushin sulphur deposits: Mln. and Scl. Press, voL 98, pp. 
209-260, 1909) says there are only solfataras, exhaling hydrogen sulphide and sul- 
phurous add, within the crater of Makushin. 

*DaU (Alaska and its resources, p. 472, 1870) states that the water in one of these 
springs rises 2 feet and falls again four times an hour. This water is boiling. It does 
not issue from a well-defined vent. 

*Dall (Op. cit., p. 473) says that these craters are funnel-shaped, about 2 feet In diam- 
eter at the top, and frequently full of mud In a state of ebullition, and that sulphurous 
odors and subterranean noises, like the escape of steam, are always noticeable. 
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Atka Island;^ hot springs (59) near Eliuchef Volcano on A&e 
Island; hot springs (56) near White Volcano on Adak Island; hot 
springs (55) at the base of Kanaga Volcano on Kanaga Island. 
Grewingk also says (p. 160) that, according to Bragin, 20 verste 
westward from Amchitka Island there lies Sitignak, a small rocky 
island with fire-spitting peak and several hot springs.^ This islet is 
not shown on more recent maps, however, and the report of its 
existence may have been erroneous. 

Dall' mentions the following hot springs in addition to those 
listed by Grewingk: Hot springs (71) that issue between tide marks 
on a small island southeast of Akun Island; hot springs (66) near 
Inanudak Bay or Deep Bay, on Umnak Island, ranging in temper- 
ature from boiling to lukewarm, in some of which he says the Aleuts 
are accustomed to bathe; and hot springs (60) 5 miles tram Korovin 
Bay, Atka Island. He also speaks of hot springs in a verdant valley 
between Korovin and Kliuchef volcanoes, on the same island, whidi 
are possibly the same as those mentioned by Grewingk near Kliu- 
chef Volcano (69). 

In addition to springs mentioned by Grewingk and by Dall, 
Petrof * reports that hot springs (57) emerge from the rocks in many 
places on Great Sitkin Island. He also states that there are hcrt 
springs on nearly every island of the Rat Island group, though 
smoking craters (very probably accompanied by hot springs) exist 
only on Semisopochnoi (54) and on Little Sitkin (53). He adds 
that the Little Sitkin crater is probably the westernmost active vol- 
cano in the Aleutian chain. Little Sitkin has not more recently been 
referred to as a volcano, however, and it is probable that its activity, 
if notable, is solfataric rather than truly volcanic. 

Near the head of Stepovak Bay there is said to be an area known 
as " Kupreanof Volcano," where steam and other vapors rise throug^i 
many fissures.*^ The true character of this area appears, however, not 
to be definitely known. 

In the fall of 1916 Charles H. McNeil wrote to the United States 
Geological Survey stating that natives report a large hot spring on 
West Fork of Douglas River. This stream enters Cook Inlet betwe^ 
Cape Douglas and Kamishak Bay. The spring is probably about 2o 
miles west of Cape Douglas. 

Analysis of water from only one of these springs on the Alaska 
Peninsula — the group on Akutan Island (69 on PI. I) — is available. 

^Petrof (Tenth Census, vol. 8, p. 93, 1884) says that at two or three places on Atka 
Island *' the natives report mud craters throwing up liquid masses varying in color 
from red to green, blue, and a brilliant yellow." 

• Dall (Alaska and its resources, p. 473, 1870) also mentions these hot springs. 
•Idem, pp. 472-473. 

♦ Petrof, Ivan, Alaska, its population, industries, and resources : Tenth Census U. S., 
vol. 8, p. 93, 1884. 

■ Underwood, J. J., Alaska, an empire in the making, p. 880, New York, 1918. 
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The following analysis of this spring, presented through the cour- 
tesy of the Bureau of Chemistry, shows that the water is of the 
sodium chloride type, rather high in concentration and content of 
silica and bicarbonate. 

MinertU analysis of water from springs on Akutan Island, southwestern Alaska.^ 
[Parts per million except as otherwise designated.] 



SlUca (SIO.) 84 



Iron (Fe) 

Calcium (Ca) 

Magnesium (Mg) 

Sodium (Na) 

Potassium ( K ) ^^- 

Carbonate radicle (COt) 

Bicarbonate radicle (HCOs).. 



.6 
0.1 
1.0 
13G 
12 
.0 
110 



Sulphate radicle (SO*) 24 

Chloride radicle (CI) 157 

Nitrate radicle (NO.) . 4 

Lithium » . 25 

Total solids • 535 

Chemical character Na-Cl 



PORT MOLLER HOT SPRINGS. 

Port MoUer Hot Springs (76 on PL I) were visited in 1908 by 
H. M. Eakin, of the Geological Survey, who has furnished the fol- 
lowing notes concerning them. 

The springs issue on the southwest side of the bay, near the shore 
and only a few feet above high-tide level, in one principal and 
several minor pools. The water is scalding, being probably at a 
temperature between 150° and 180° F. It has a "slick" alkaline 
taste but no noticeable odor, though there is much bubbling of 
carbon dioxide or other odorless gas. No algal growths are formed 
in the pools or run-off channels, and the water can be plainly seen 
rising from the gravelly or muck-covered bottoms of the pools. The 
absence of algal growths is an additional indication that the gas is 
carbon dioxide and not hydrogen sulphide. No mineral deposits 
were noticed, however, a fact that indicates the absence of notable 
amounts of carbonates in solution. 

The hot water issues at the northern base of hills of recent volcanic 
rock, practically at the contact of this material with limestone that 
underUes it and forms the lowland thence to the beach.* The 
issuance of the hot water is probably connected with the recent lava, 
though it may issue along a minor fault. A number of such breaks 
have been observed in a small coal field a few miles to the south- 
west Knowledge of the materials in solution might furnish sugges- 
tive evidence as to whether the water rises through the limestone or 
is confined to the volcanic rocks in its underground course, but so far 

^Sample received by Bureau of Chemistry, U. S. Department of Agriculture, Aug. 13, 
1914. Analysed by W. F. Baughman. 

1 Spectroscopic determination. 

• By summation, with bicarbonate computed as carbonate. 

*Atwood, W. W., Oeology and mineral resources of parts of the Alaska Peninsula: 
C. S. GeoL Survey BuU. 467, pi. 8, 1911. 
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as is known to the writer, no analysis of the hot-spring water has 
been made. 

There seems to have been a large native village near the springs 
at one time, for ruins of huts still remain, half buried by heaps of 
clam shells 6 to 8 feet thick. A wide tidal flat near the springs 
furnishes an abundant supply of these shellfish, and they probably 
afforded an easy means of livelihood until the settlement was per- 
haps attacked by disease or by more aggressive natives and was 
abandoned. When visited by Mr. Eakin the place was the site of a 
temporary camp of Eskimo hunters. 

It is doubtful whether the bay has ever been much visited for the 
sake of the hot springs, for the Alaskan natives, especially those 
of the northern part of the country, seem to have made little use of 
hot springs until they were shown their posdbilities for bathing by 
the whites. 

HOT SPRINGS NEAR PORT HEIDEN. 

Hot springs (77 on PI. I) have been reported near the shore <m 
or near the bay of Port Heiden, but no definite statement of their 
temperature or other characteristics is at hand. The settlements 
along the peninsula are chiefly native villages, seldom visited by 
steamer or launch, and little information of any kind concerning 
the neighborhood of Port Heiden is at hand. 

The lower lands in the vicinity of Port Heiden are covered largely 
with Quaternary gravels and sands that overlie rocks, reported to 
be coal bearing, which may be of Cretaceous age.* The hot water 
possibly issues in the lower (Quaternary) lands from the underlying 
older deposits. 

HOT SPRINCJS ON SHORE OF BECHAROF LAKE. 

On the southwest shore of Becharof Lake, near the base of Mount 
Peulik (Smoking Mountain), hot springs (78) have been reported 
to members of the Geological Survey, but no description of them 
is at hand. The issuance of hot water here is possibly connected 
directly with volcanic activity in the region, for, as is indicated 
by its name. Mount Peulik is a volcano in which activity has not 
entirely ceased. The rock formation near the springs, however, 
consists of sandstone, probably of Jurassic age, through which the 
lava of Mount Peulik has been erupted.' 

lAtwood, W. W., Geology and mineral resources of parts of the Alaska Penlnsnl*: 
U. S. Geol. Survey Bull. 467, pi. 6, 1911. 

'Martin, O. C, The petroleum fields of the Pacific coast of Alaska: U. 8. Geol 
Survey Bull. 250, pi. 6, 1905. Also, Atwood, W. W., op. cit, pi. 6. 
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HOT SPRINGS NEAR KATMAI PASS. 

The following brief description of hot springs near Katmai Pass 
(79) has been published : ^ 

The pass lies between two volcanoes, the one on the right having a cone 
scarcely modified by erosion, while that on the left Is somewhat furrowed but 
carries no glaciers. Below the pass, on the Katmai side, streams of very hot 
water burst out of the ground in many places and, joining together, form a 
considerable rapid stream. This water contains much sulphureted hydrogen 
and makes copious precipitates of iron and sulphur, so that the earth through 
which it oozes is colored a brilliant yellowish red. 

It is reported that during the eruption of Mount Katmai, in June, 
1912, a crater was opened near these springs, and they were buried 
by volcanic material. It is probable, however, that hot "water still 
issues at some point in the vicinity. 

HOT SPRINGS ON BOGOSLOF ISLAND. 

A. G. Cameron, who spent several months among the Aleutian 
Islands with the Fisheries Commission about 1914, told the writer 
that at that time hot water issued at several places (67 on PL I) on 
Bogoslof Island, a volcanic rock mass in the Aleutian group, 30 
miles north of Umnak Island. No large vents were noted by Mr. 
Cameron, the water appearing to issue from numerous crevices in 
the rock around the lower part of the island. 

Bogoslof Island is very interesting to the geologist. Its history 
up to 1899 is described in detail, so far as the available records give 
it, by Merriam,^ who characterizes it as having been in recent 
years the seat of more violent volcanic activity and as having 
undergone greater changes in form than any other part of North 
America. According to the accounts and reports that Merriam has 
brought together the first land recorded was a great rock, seen in 
1768 or 1769, which later became known as Ship Rock or Sail Rock. 
Early in May, 1796, amid earthquake shocks and the ejection of 
volcanic material (both noted by natives on Umnak Island) Old 
Bogoslof Island, about a quarter of a mile in diameter, arose near 
Ship Rock. The forces that produced the island also ejected great 
quantities of steam and sulphurous vapor, but volcanic action gradu- 
ally subsided until in 1820 vapor issued only from the highest peak. 
A waterfall then issued from a fissure near the base of the island — 
a "bow-shaped spring," presumably of hot water, though its tem- 
perature appears not to have been observed. By 1832 the notable 
i^wance of vapor seems to have ceased. The island then appears to 

^Sparr, J. B., A reconnaissance In soathwestern Alaska In 1808: U. S. GeoL Surrey 
Twentieth Ann. Rept., pt 7, p. 146, 1907. 

' Merriam, C. H., Bogoslof, onr newest volcano : Alaska, toI. 2, pp. 291-386, Harrlman 
Alaska EzpedlUon, New York, 1902. 
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have undergone rapid disintegration, until in 1873, when the next 
definite observations were made, it had been reduced considerably in 
height and shortened to about three-quarters of its original length. 

In 1883, probably rather late in the year, New Bogoslof Island 
arose about two-thirds of a mile northwest of the older islet, though 
its advent was not accompanied by disturbances that were noticed 
on Umnak or the other neighboring inhabited islands. In May, 
1884, members of the Revenue Service landed at the islet group and 
made some observations. According to measurements made by them 
New Bogoslof Island was about 500 feet high (100 feet higher than 
the older islet) and about twice as long, its greatest diameter at the 
base being about half a mile. A large fissure and many smaller 
crevices in New Bogoslof gave off great quantities of steam and sul- 
phurous vapors. The sea water near the base of the island bubbled 
as if boiling, but the thermometer showed little difference between 
the surface and bottom temperatures. The water in the anchorage 
southwest of the island was also bubbling up vigorously, probably 
because of the escape of carbonic acid gas, which is a common ac- 
companiment of volcanic disturbances. 

During the next few years New Bogoslof Island rapidly disinte- 
grated, until in 1891 it had decreased notably in height and Ship 
Rock, which had been a prominent crag beside it, had fallen. Old 
Bogoslof was cold, but on New Bogoslof great quantities of steam 
and other vapors still issued from thousands of crevices, aroxmd 
which needle-like crystals of sulphur were deposited. Most of the 
rock of this islet was hot, and pools of hot water were found along 
the beach. Four years later the activity of the vapor vents had 
greatly diminished, though they still steamed \dgorously, and the 
islet had become flat-topped. 

In 1896 there was no longer evidence of volcanic activity on New 
Bogoslof, but warm water is reported to have issued from crevices 
in its sides. 

The Harriman Expedition (1899) did not land on the islands, but 
photographs that were taken by members of the expedition indicate 
that the steaming had almost if not entirely subsided. 

In 1906, about the time of the San Francisco earthquake, there was 
renewed activity at Bogoslof, though this activity is believed to have 
been only coincident with and not related to the earthquake. Two 
new peaks, McCuUoch and Metcalf, were uplifted between the older 
islets, but on September 1, 1907, McCuUoch Peak was destroyed 
by an explosion, ashes from it falling at Unalaska, 60 miles away. 
In 1908 the position of this peak was marked by a lagoon and the 
remaining rock masses were united into a single island by strips of 
gravel. Old and New Bogoslof had long been cold, but Metcalf 
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Peak was hot, and steam and sulphur vapors issued from many 
crevices in its sides.* 

During March and April, 1909, the island showed renewed activity, 
observers at sea having noted great clouds of vapor.^ 

On September 19, 1910, a new islet was shoved up from beneath 
the ocean. Several weeks later this islet was visited by officers of 
the Revenue Service, who found that it was an area of hot volcanic 
ash and baked mud, from which spouted up a column of scalding 
water.* Definite records of this or later periods of activity have not 
been found by the writer. During 1914, at the time of Mr. Cameron's 
trip in the region, the island appears to have been quiescent, and the 
bot watef reported by him is probably a phase of the less active stages 
of the volcanic mass. 

The rock of the several peaks is practically all volcanic, con- 
sisting of hornblende andesite, basalt, basaltic agglomerate, and 
pumice. Some of the rock contains much disseminated pyrite/ 
which is probably the source of at least a part of the sulphur and the 
sulphurous gases. 

WARM SPRINGS ON ATTU ISLAND. 

Attn Island (51), the westernmost of the Aleutian chain, is about 
20 by 40 miles in extreme width and length. Upon it there are 
several small lakes, which Mr. Cameron reports to be warm enough 
in summer for comfortable bathing. Although he did not observe 
direct evidence of warm springs it seems probable that thermal water 
does issue, for there is said to be a small, mildly active volcano, or 
more probably an area of solfataras, on the island.' 

> The followlog articles relate to the condition of Bogoslof Island abont this time : 

Jordan, D. S., and Clark. 0. A., The Bogoslofa : Pop. Sci. Monthly, vol. 69, pp. 481-480, 
1906. 

Bakle. A. S., Recent volcanic emptions in Bering Sea: Mln. and ScL Press, vol. 06, 
p. 853, 1908. 

Smith. P. S., Notes on recent changes in the Bogoslof Islands : Science, vol. 27, 
p. 696, 1908. 

Jaggar, T. A., Jr.. The evolution of Bogoslof Islands in Bering Sea : Science, vol. 28. 
p. 575. 1908. 

Jaggar, T. A.. Jr.. The evolution of Bogoslof Volcano: Am. Geog. Soc. BuU., voL 40. 
pp. 385-400, 1908. 

"Qraeley, A. W.. Handbook of Alaska, p. 171. New York. 1909. 

* Underwood, J. J., Alaska, an empire in the making, pp. 834-886. New York. 1913. 

« Jaggar. T. A.. Jr., The evolution of Bogoslof Islands in Bering Sea : Science, vol. 28, 
p. 575. 1908. 

'Underwood, J. J., op. cit. p. 340. 
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YUKON BASIN. 



DISTRIBUTION. 



Hot springs are known at a number of places in Yukon basuL 
The principal springs occur in three fairly well defined areas, com- 
prising, respectively, the region between Circle and Fairbanks, the 
Hot Springs-Eureka district, and the Tanana-Ruby region. Several 
scattered springs lie outside of these principal groups, however, to 
the north in the slopes of the Endicott Range, to the south toward 
Mount McKinley, and in the region of lower Yukon and Kuskokwim 
rivers. 




FiQuni 6. — Map showing location of mineral springs. Circle district, Alaska. 

The springs do not seem to be related to great structural features, 
but most of them appear to be associated with intrusive rocks. The 
geologic conditions in the vicinity of each spring, in so far as they 
were observed or have been reported, will be mentioned in the de- 
scription of each locality. 
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CIRCLE HOT SPRINGS. 



Circle Hot Springs (30) have been developed and used for a num- 
ber of years both as a bathing resort and for vegetable growing. 
(See fig. 6.) They are southwest of the town of Circle, at the base 
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FiGUSB 7. — Sketch map of Circle Hot Springs and Improyements In lOlU, Circle district, 

Alaska. 

of mountains that form the southern border of the wide flat valley 
of Yukon River. In 1915 they were best reached by wagon road 
to Central House, 34 miles from Circle, and thence southward by 
trail 8^ miles. In summer the roads are soft, owing to the thaw- 
ing of the marshy lowland, but at the time of the writer^s visit an 
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One of the two principal springs is on the north bank, about 10 
feet above the creek; the other is on the south bank, about 20 feet 
above the creek. Several smaller springs issue on the north bank 
and others possibly in the creek itself. The water appears to be not 
so hot as that of the Circle Hot Springs, though it is said that by 
digging in the springs hotter water is found. The water gives off 
considerable gas, having the characteristic odor of hydrogen sul- 
phide, and tastes more strongly mineralized than that of the Circle 
Hot Springs. 

The flow of the several springs is difficult to estimate, but the total 
flow is not large. It is sufficient, however, to keep open throughout 
the winter a large pool 10 feet deep, which is visited by moose, 
bears, and other animals. 

The rock of the vicinity consists of massive intrusive granitic ma- 
terial.^ These springs, therefore, like the Circle Springs, may be due 
to the intrusion of granite into the schistose country rock. 

HOT SPRINGS NEAR FLAT CREEK. 

C. H. McCartney, who has prospected in the region southeast of 
Circle, stated to the writer that there are probably springs of hot 
water (36 on PL I) on the slopes above Flat Creek, a tributary of 
Charley River, for during the winter Flat Creek remains open along 
part of its upper course, about which considerable vapor rises. No 
definite vents were observed by Mr. McCartney, however, new did he 
note odors of hydrogen sulphide — a common accompaniment of hot 
springs. 

The rock near the springs is probably an ancient schist, which 
occupies a considerable area near the headwaters of Flat Creek, 
though other ancient sediments, as well as granitic and other igneous 
rocks, are found in the neighborhood.^ The heated water possibly 
rises along the contact zone between one of the intrusive igneous 
rock masses and the older sediments. 

iPrindle. L. M., op. clt., pi. 2. 
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A. CHENA HOT SPRINGS. FAIRBANKS DISTRICT. 




B, BAKER HOT SPRINGS. HOT SPRINGS DISTRICT. 




C LITTLE MELOZITNA HOT SPRINGS. TANANA REGION. 
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Chena (locally pronounced shendw) Hot Springs (29), near a 
tributary of Chena River, have for several years been improved as 
a resort, with cabins and bathhouse, and during the winter have been 
the objective of sleighing parties from Fairbanks. (See fig. 8.) 




FiocRB 8. — Map showing location of mineral springs in Fairbanks district, Alaska. 

The distance up the river valley and canyon is about 62 miles and is 
easily traversed, when the ground is snow covered, in runs of a few 
hours each between the two roadhouses on the way. In sunmier, 
however, the lowland trail becomes so miry as to be almost impassable, 
and the trip may be made by saddle horse as quickly and more easily 
by way of Fairbanks Creek and Olympia Creek, though the Olympia 
Creek trail is 20 miles longer. 

The springs rise in a small flat (see PI. V, .4) on the south side 
of Monument Creek beside a small cold-water stream that empties 
into the creek half a mil© below. The hot water formerly issued 
mainly in the stream channel, but the stream has been diverted hf a 
ditch so as to make the hot springs more accessible. In the summer 
of 1915 the principal springs and the improvements were as indicated 
in figure 9. The log bathhouse contained a dressing room, a sweat 
room, and a bathroom containing five wooden clear-water tubs and 
a mud-bath tub. Hot water was supplied by springs b and c (fig. 9), 
and cold water was also piped in from the stream, for the spring 
water is too warm (126^ F. at the tubs) to be endurable by many 
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people. The vapor constantly rising from the water causes the logs 
to decay rapidly and necessitates their renewal every three or four 
years. 

Slight differences in the taste and odor of the water from the 
several springs may be noted but appear to indicate no difference in 
character, all being sulphureted in varying degrees but not other- 
wise notably mineralized to the taste. 

Analyses of water from two springs of the group (see table on 
p. 62) indicate that there is very little difference in the character of 
the water from the different vents. Both are moderately mineral- 
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PiouBB 9. — Sketch map of Chena Hot Springrs and improyements In 1915, Falibanks 
N^ district. Alaslca. 

ized waters of the sodium carbonate type. They contain very little 
calcium and magnesium but considerable sulphate and silica. 

Some of the vents give off much gas, which a test with a flame 
indicates to be carbon dioxide. Algal growths, ranging in color 
from bright green and copper-colored in the hotter water to a 
dark green in the cooler portions, lined the run-off channels to 
their junctions with the cold-water stream. Patches of algae also 
persisted in the cold-water stream, the temperature of which was 
from 70** to 66° F. down to its junction with Monument Creek, whose 
water was 55° F. The creek water contained no noticeable algal 
growths. During the early part of the summer extensive deposits 
of native sulphur were reported to have been formed near several 
of the hot springs. A freshet a couple of weeks prior to the writer's 
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visit had removed these, but deposits were again forming at sev- 
eral places. The deposition of sulphur at these springs appears not 
to be dependent directly on the temperature, as it was noted at 
spring b (fig. 9) at a temperature of 149° F. and near spring e, 
where the water registered only 120° F. The sulphur is probably 
produced by the oxidation of hydrogen sulphide and other sulphides 
present in the water. The chemical reactions are not simple, how- 
ever,^ and the change is not due to simple oxidation and release of the 
sulphur from combination. 

The total flow of the hot springs, as determined by careful float 
measurements'in the run-off channels, is about 220 gallons a minute. 
A nearly equal amount of warm water may seep into the cold-water 
stream along its channel and banks, however, for measurements of 
discharge just above the uppermost springs and a short distance 
below the junctions of the hot-water channels with the cold-water 
stream showed an accession of about 500 gallons a minute within 
this distance. A part of this increase doubtless comes from marshy 
lands south of the creek, but the greater portion is believed to rise 
as thermal water. 

The springs are locally believed to have formerly issued farther 
south, at the edge of the valley. A warm seepage still issues 200 
yards southeast of the present uppermost spring (h, fig. 9) in the 
rocks a few feet above the creek flat, and the valley border is pe- 
culiarly pitted by depressions a few feet in diameter and depth that 
are lined with angular stones as if the earth and softer rock had been 
removed from below and the talus stones had settled down. These 
pits have possibly been formed by the thawing action of the hot 
water, which has shifted its points of issuance from time to time. 

The rock in the vicinity of the springs is all granitic so far as 
seen.* On the higher slopes to the southeast the granite is replaced 
by schist, into which the granite appears to be intrusive, as it is 
believed to be at Circle Hot Springs. Probably Chena Hot Springs, 
like Circle Hot Springs, are due to the rise of deep-seated thermal 
water along fissures in the intruded schist. 

HOT SPRINGS NEAR TOLOVANA RFVER. 

Near the summit of hills on the western side of the valley of 
Tolovana River (see fig. 10) issue hot springs (27), which are re- 
ported to taste slightly alkaline and to have a mildy sulphuretod 
odor. There is considerable bubbling from the several small vents 
a few yards apart on the hillside, but the gas is probably in the 

'The Intmslye area of granite shown on the east side of West or North Fork of 
Chena River (see A geologic reconnaissance of the Fairbanks quadrangle, Alaska : U. S. 
Ofol. Sarrey Bull. 525, pi. 8, 1913) extends farther east than mapped, and Includes the 
locality of the hot springs. 
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main carbon dioxide, not hydrogen sulphide, or a stronger odor 
the latter gas would be evident. It is said that the hand can Iiard 
be held in the water, indicating a temperature of 120° or 130° K. 

According to studies of the United States Geological Surve; 
the springs are in an area of intrusive granitic rock, close to i 
contact with old slates and other altered materials. 
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Definite location Approximate location 

FiGURB 10. — Map showing location of mineral springs in Hot Springs district, Alaska. 

Although the springs are only 4 or 5 miles directly west of the 
head of steamer navigation at a log jam in Tolovana River, they 
are said to be best reached in summer by a prospectors' trail from a 
point 30 miles farther upstream along the very crooked river; for 
the lowland is marshy and dotted with lakes. The springs are not 
well marked and are not easily found except by following the trail. 

An unconfirmed report was received of other hot springs which 
are said to lie about 20 miles in a direct line northeast of those just 
described, in the lowland along Tolovana River where it flows for 
a number of miles in a general westward course. This report may, 
however, relate to the springs west of the river. 

1 Prlndle, L. M., A goologic reconnaissance of the Fairbanks quadrangle, Altska : 
U. S. Oeol. Survey Bull. 626, pi. 8, 1018. 
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HOT SPRING NEAR MTTLB MINOOK CREEK. 

Frank Conway, a prospector in the Tolovana district, told the 
writer that while crossing the divide between Little Minook Creek 
and a tributary of Hess Creek he came upon a spring (25) that was 
fairly hot and yielded a stream of water several inches wide. Special 
attention was not paid to it at the time, and its precise location can 
not be stated, but it is probably one of a number of small thermal 
springs that will become known and receive local attention when 
the more inaccessible parts of the region have been better expjored. 

The spring is in a region where the rocks are mainly ancient conglom- 
erate, sandstone, and other sediments, but in the neighborhood of 
the divide between Little Minook and Hess creeks there are small 
areas of intrusive granitic rock.* As other hot springs in the region 
are near the borders of similar areas of intrusive rocks it seems 
reasonable to suppose that the hot spring near Little Minook Creek 
also issues in the contact zone near one of the intrusive masses. 

HTJTLINANA HOT SPRING. 

Hutlinana Hot Spring (24) issues at the edge of the creek of the 
same name, 8J miles by trail east of Eureka post office, which is 23 
miles by wagon road northeast of Hot Springs. 

There appears to be only one spring, which issues from a fissure 
at the base of a cliff that terminates the steep canyon side down to 
the west edge of the creek. When visited, a bathing place was 
formed by a pool, rudely square, about 6 feet across and 1 foot deep, 
excavated in the partly disintegrated rock and covered by a tent. 
The water is clear, with no noticeable taste and only a faint odor of 
hydrogen sulphide, though there is a constant bubbling, probably 
of carbonic acid gas. A temperature of 114° F. was recorded — about 
as hot as is comfortable for bathing — and the discharge was meas- 
ured as approximately 50 gallons a minute. 

The analysis of the water (analysis 4 in table on p. 62) shows that 
it is a rather highly concentrated sodium carbonate water contain- 
ing minor amounts of sulphate and chloride. 

At the time of the writer's visit, in August, 1915, a cabin stood 75 
yards below the spring on a small alluvial flat, where potatoes and 
other vegetables were maturing well. Two older, unoccupied cabins 
stood on the opposite side of the creek. 

The spring has been used to some extent by the placer miners of 
the Eureka Creek district for bathing, but it is almost too far from 
the placers for this use, especially as the trip involves a descent of 
1,000 feet from the divide between the two streams and the return 
climb up the steep trail. 

» Prlndle, L. M.. op. clt. 
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The rock at the spring is quartzitic and has neariy vertical bed- 
ding or shearing planes that strike N. 25^ E. It is a phase of the 
altered sediments, probably mainly of lower Cretaceous age, that 
cover a considerable area in the region.^ Faulting has not been noted 
in the vicinity, but the presence of the spring indicates at least deep 
fracturing and Assuring that permit the escape of water of abnor- 
mally high temperature. 

BAKER HOT SPRINGS. 

Baker Hot Springs (23 on PL I) are near Xanana River, 103 
miles by trail or 200 miles by the river below Fairbanks. They 
have long been known to the whites, as they are only 5 or 6 miles 
from Baker Creek, an early placer-gold district. In 1902 the place 
was homesteaded by J. M. Karshner, and for several years the 
springs were known by his name. In 1906 they were leased by F. G. 
Manley, who built here a large and well-appointed hotel, constructed 
cement bathing tanks, and developed the place as a resort, and for a 
time they were known as the Manley Hot Springs. Mr. Manley also 
established a dairy and started to raise vegetables and poultry on an 
extensive scale, using the hot water to heat a greenhouse and the 
poultry houses. The enterprise was not entirely successful, however, 
and the improvements were not kept in repair, and in April, 1913, 
the hotel was destroyed by fire. Since that date the springs have 
received little attention as a resort, though one cement pool, 10 by 12 
feet, 4 feet deep, has been kept in repair. The water reaches this pool 
at a temperature of 114® F. and forms a much-appreciated bathing 
place. 

Since the property was first occupied by Mr. Karshner the land 
has been cultivated and the hot water has been successfully used in 
growing potatoes, cabbages, and other vegetables. In 1910 about 
150 tons of potatoes were shipped from the ranch to the Iditarod 
mining district, 700 or 800 miles downstream. In 1915 about 60 
acres of land was imder cultivation. About half of this area is kept 
permanently thawed by warm seepage water that does not issue as 
springs. The erosion of the slopes in this thawed area, as noted by 
A. H. Brooks, is like that of the land in a more temperate climate, 
probably because the ground is permanently thawed, and possibly 
also in late years because it is cleared and cultivated. 

The positions of the springs and the improvements are shown in 
figure 11, prepared mainly from the Land Office survey of the 
Karshner homestead. Two principal springs (see PL V, i?), eadi 
issuing in a small rock-walled basin, rise 50 yards apart, near a 
small creek. The observed temperatures were 136° F. for the eastern 

^Eakin, H. M., A geologic reconoalsRance of a part of the Rampart quadrangle, 
Alaska : U. a Geol. Surrey Bull. 535» pi. 4, 1918. 
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and 125° F. for the western spring, and the respective discharges 
were approximately 35 and 110 gallons a minute. The water has 
been used for irrigating a garden on adjacent land, and part of the 










1,000 Feet 



Fioun 11. — Sketch map of Baker Hot Springs and improyements in 1915. Hot Springs 
district, Alaska. Based on Land Office survey of Karshner homestead. 

flow from the eastern spring was formerly used in heating the poul- 
try houses. Water from the western (larger) spring is piped to a 
hothouse and to the bathing pool at the hotel site. Warm water also 
issues in a small spring near the largest one and in a mar^y area 
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at the head of a small creek between the main springs and the hoti 
site. 

The water has no noticeable odor or taste. There is a sma 
amount of bubbling, probably of carbon dioxide, and thin coating 
of a white brittle substance, probably lime carbonate, are deposite 
on stones along the run-off channels. The water is said to eat u 
iron vessels rapidly. The original iron pipe from the springs wa 
so much corroded that it was taken out and replaced by galvanize 
pipe. This corrosion is probably due to the rather high proi>ortio 
of chloride in the water, which is shown in the analysis of ^wate 
from the largest spring (analysis 5 in table below). The analysi 
shows, however, that the water carries only a moderate amount c 
mineral matter in solution, other constituents being present in mine 
amounts relative to sodium and chloride. 

Hard rock is not well exposed near the springs, the material bein^ 
a variety of granitic rock containing quartz, feldspar, and mica 
technically classed as monzonite.^ 

The cause for the hot water can not be definitely stated, but pre 
sumably the rock is faulted or fractured and deep-seated therma 
water reaches the surface along the resultant fissures. 

Mineral analyses of waters from hot springs in the Yukon River hoHn, Alaska 
[Parts per million except as otherwise designated.] 



Constituents. 



3a 



Silica (SlOj) 

Iron(Fe) 

Aluminum (Al) 

Calcium (Ca) 

Magnesium (Mg) 

Sodium (Na) 

Potassium (K) 

Carbonate radicle (COj) 

Bicarbonate radicle (IICO3) 

Sulphate nidicleCSOi) 

(^hlorido radicle (CI) 

Nitmte radicle (NO3) 

Total dissolved solids at 180* C. 



Temperature (•F.).. 
Chemical cliaretcter . 



82 

1.3 
3.7 
29 
2.1 
248 
8.6 
.0 
173 
98 
252 

.0 
816 

134 
Na-a 



77 
M.2 

2.3 
1.2 
CM 

.0 
118 
78 
26 



72 



44 



.09 



2.9 
.2 
/ 107 
\ Trace. 



149 
Na-CO, 



116 

89 

35 
Trace. 
•i363 

124 
NanCOt 



22 

6.0 

208 



494 
67 



39 

».« 

9.1 
.9 
121 
8.2 
.0 
86 
48 
120 



634 

114 
Na^Os 



417 



125 
Na-a 



a Trace of lithium. 

b FejO,+Al«Oi. 

c Calculated. 

d By summation with bicarbonate computed as carbonate. 

1. Circle Hot Springs; northernmost spring. Gives off carbon dioxide; deposits email 
amounts of sulphur, calcium carbonate, and alum. Rapidly corrodes iron vessels. Sample 
collected July 12, 1915, by G. A. Waring; analyzed by S. C. Dinsmore. 

2. Chena Hot Springs ; spring that supjplies bathhouse. Sample collected Aug. 5, 1915, 
by Robert Chamberlain ; analyzed by R. B. Dole and Alfred A. Chambers. 

3. Chena Hot Springs ; probably spring a of figure 9. Sample collected In 1912. br 
P. J. B. LeBlanc; analyzed by J. B. Reed, Bureau of Chemistry, U. S. Department oif 
Agriculture. 

4. Uutlinana Hot Spring. Gives off considerable gas, probably carbon dioxide; baa nu 
noticeable odor or taste. Sample collected Aug. 6, 1915, by G. A. Waring; analysed bv 
B. B. Dole and Alfred A. Chambers. * ^ ^ 

5. Baker Hot Springs; western of the two principal springs. Has no noticeable odor 
or taste. Rapidly corrodes iron vessels. Sample collected Aug. 6, 1916, by G. A. Wariof : 
analyzed by R. B. Dole and Alfred A. Chambers. , jr «. a. ^oj^u^, 

1 Eakin, H. M., op. cit., p. 23. 
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WARM SPRINGS WEST OF GLACIER. 

J. D. Courtney, who for several years resided at Glacier, in the 
upper Kantishna River basin, southwest of Fairbanks, reports that 
warm springs (40) probably rise 6 or 8 miles west of Glacier. At 
this place there are many areas of a few acres, sunken 50 feet or 
more below the general level, which contain dead trees standing in 
water that remains unfrozen throughout the winter. These areas of 
open water are resorted to by ducks and other waterfowl during the 
autumn and by larger game during the winter. 

The region has not been examined in detail by a geologist, but 
the surface materials consist chiefly of Quaternary deposits, and 
ancient gneiss is exposed in the higher lands to the south.^ The 
sunken areas described by Mr. Courtney are probably depressions in 
the uneven surface of the glacial gravels and clays that cover parts 
of the region. Distinctly thermal water may issue from springs in 
some of these depressions, though it is possible that the water is 
cold but is prevented from freezing by local protection. 

WARM SPRINGS NORTH OF GLACIER. 

Mr. Courtney, who reported unfrozen ponds in the country west 
of Glacier, also told the writer that similar open ponds (39) are 
found about 20 miles to the north, between the site of Diamond 
camp and Toklat River. In this region the waters of both Toklat 
River and Moose River sink for stretches of a mile or two and re- 
appear apparently warmed, for the streams remain unfrozen through- 
out the winter for short distances below these sunken stretches. 

Ponds and streams that remain open throughout the year are re- 
ported at several other places in Alaska. Thermal waters may cause 
this phenomenon, or local conditions may be such as to protect the 
ordinary surface waters from freezing. 

The surface in the region of. these open waters is largely covered 
by porous glacial gravels,* which may prevent freezing in the same 
way that very porous gravels in some of the placer workings are 
kept unfrozen by circulating underground water.* 

According to Dall ' many springs along the coast near St. Michaels 
and some to the northeast, near the village of TJlukuk remain un- 
frozen all winter. He says that many of those near St. Michaels 

* Brooks, A. H., The Mount McElnley region, Alaska : U. 8. Geol. Surrey Prof. Paper 
70. pi. 9. 1911. 

• Eakln, H. M., The Iditarod-Buby region, Alaska : U. S. Geol. Survey Bull. 578, p. 17, 
1914. 

*Dtll, W. H., Alaska and its resources, 1870, pp. 88 and 86, Boston, 1870. 
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have a temperature of 28° to 30° F. [sic], even when the air is 
several degrees below zero. He also notes that the water of those 
near Ulukuk, though not very warm, retained a temperature of 32® to 
34° F. in extremely cold weather. 

HOT SPRINGS ON RAY RIVER. 

According to the statements of several men who have visited them, 
hot springs issue from gravel at the edge of Kay River, about 35 
miles above its mouth (22 on PL I). They are reached by a difficult 
trail that leads through a narrow gorge to a more open canyon above. 

In cold weather the position of the springs is indicated by mudi 
vapor, but the points of discharge are masked by the river gravel 
The water is too warm for bathing, but it is cooled by running it 
into basins dug in the gravel and adding to it some river water. It 
has no strong taste but has a noticeable odor of hydrogen sulphide. 

The warm water has been used by prospectors in the vicinity for 
raising lettuce, radishes, and other quick-growing vegetables, and it 
was reported, though not very credibly, that one prospector had 
hatched eggs by burying them in the warm, dry gravel close to the 
springs. 

A description of the rock formation of the locality is not at hand, 
but reconnaissance studies in the region ^ and knowledge of the rocks 
observed at other hot springs in the interior indicate that the rock at 
the springs is probably part of a granitic mass that is intrusive in the 
older volcanic and sedimentary materials composing the country 
rock. 

LITTLE MELOZITNA HOT SPRINGS. 

Little Melozitna Hot Springs (PI. V, C) are so known locally be- 
cause they are on a tributary of Little Melozitna River, though they 
are about 2 J miles from that stream. The springs (21) are best 
reached by trail that leads northward from Hub roadhouse, which is 
on the north bank of Yukon River 30 miles below Tanana. The 
distance from Hub to the springs is about 27 miles, according tc 
pacing traverse. (See fig. 12.) 

The springs are on a small flat on the east side of Hot Springs 
Creek, a stream about 30 feet wide. Their location is indicated from 

» Prlndle, L. M., A geologic reconnaissance of the Fairbanks quadrangle, Alaska: 
r. S. Geol. Survey Bull. 525. pi. 8. 1913. 

Eakln, H. M., A geologic reconnaissance of a part of the Rampart quadranglei 
Alaska : U. S. GeoL Survey BuU. 635, pL 4» 1918. 
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8 distance by a group of trees that are notably taUer than those of 
the surrounding slopes. 

The hot water issues chiefly from one spring on the left bank of 
the creek, in a log-curbed bathing pool that measures 3 by 7 feet and 
is 2 feet deep. This spring is 
on the gravelly flat only 5 or 
6 yards from the edge of the 
creek and is about 18 inches 
above its level when it is at 
medium stage. 

Although they are called 
hot springs, the recorded 
temperature of the largest 
and warmest spring was only 
99^** F. Its flow is about 60 
gallons a minute. A small 
seep just north of the main 
spring registered 90** F., and 
three other small springs 30 
to 55 yards upstream, at the 
edge of the creek, registered 
temperatures of 96°, 82*^, and 
82° F. The water, tastes 
mildly of hydrogen sulphide 
smd the odor of this gas is 
noticeable for 100 yards or 
more down the wind from 
the springs. Grases bubble up 
wtively in the springs, pos- 
sibly both hydrogen sulphide 
&iid carbon dioxide, and the 
usual green algal growth that 
^companies thermal sulphur 
waters lines the run-off chan- 
nels. An incomplete analysis 
of water from the principal 

spring indicates that it is moderately high in mineral content, con- 
taming about 350 parts per million of solids in solution. It is of the 
sodium carbonate type, though its content of chloride is relatively 
^h. Silica forms nearly a quarter of the total solids. In such a 
water, which is of rather high temperature and contains considerable 
sodium, part of the silica may be present as soluble silicate (SiOj). 

8ei82'— wsp 41S— 17 6 




Fiomti 12. — Sketch map showing location of 
Little Meloiitna Hot Springs, Tanana region, 
Alaska. 
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A small cabin was built near the principal spring in 1913 by two 
French trappers, but it has been occupied for only short times, as 
there has not been much game in the region in recent years. 

The rock exposed in the steep slopes at the edge of the valley 50 
yards west of the springs and also in a small cliff at the edge of the 
creek 300 yards to the south (upstream) is granitic The granitic 
area, however, seems to be small and to be confined to the slopes 
southward to Hub roadhouse is mainly quartz schist, with which are 
associated ancient metamorphic rocks.^ Along the crest of the ridges 
forming the limits of the basin of Hot Springs Creek there are 
prominent crags that probably are also of schist One bare rocky 
patch several hundred feet in diameter, on top of a wide tundra- 
covered ridge on the trail 10 miles from the springs toward Hub, 
is dioritic, however, and is probably a small intrusive area in the 
country rock. 

The presence of the small area of granitic rock at the springs 
strongly suggests that the rise of the warm water is due to the intru- 
sion of this rock in the schist, and the consequent development of 
fissures or a zone of fracturing along which the thermal water rises 
from a considerable depth. 

MELOZrrXA HOT SPRINGS. 

Melozitna Hot Springs (20 on PL I) are so known locally be- 
cause they are on a tributary of Melozitna (or Big Melozi) River, 
though they are fully 10 miles from the main stream. The springs 
are best reached by trail that leads northward from Kokrines, a 
small trading point and post office on the north bank of Yukon RiTer 
100 miles below Tanana. The distance from Kokrines to the springs 
is about 16 miles (see fig. 13). The trail is easily traversed by dog 
team in winter, but in smnmer the thawed tundra makes heavy trav- 
eling for horse or man. 

The hot water rises, practically all in one spring, in a shallow 
pool 6 feet in diameter on top of a cemented gravel mass that has 
been cut by Hot Springs Creek — a fair-sized river — into a remark- 
able bank (PL III, 5, p. 20). The overflow from the pool cascades 
17 feet over this bank to the creek at normal stage. Hot water also 
breaks out, apparently from the same spring, at points ubout 3 and 
14 feet below the edge of the bluff. 

The temperature of the water as it rises in the pool is 131^ F. 
The overflow, as nearly as could be measured, is about 100 gallons a 

^Eakln, H. M., A geologic recoDnaissance of a part of the Rampart qnadraiifle, 
Alaska : U. S. QeoL Survey Bull. 536, pL 8, 1918. 
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minute, and the discharges of the two streams from the face of the 
cliff, as measured with a bucket, are about 25 and 5 gallons a minute 
for the upper and lower, respectively, making a total visible discharge 
of about 130 gallons a minute, or 144 miner's inches. The gas that 
rises in the pool extinguishes a flame, indicating that it is principally 
carbon dioxide. The water tastes mildly but distinctly of hydrogen 
sulphide, and a distinct odor of this gas is perceptible at a distance 
of several yards from the pool. Small amounts of native sulphur 
are deposited along the borders of the pool, probably by the oxida- 
tion of the sulphide gas and 
'Other sulphides present. The 
reactions that take place can 
not be expressed by simple 
chemical equations, however. 
A thin white coating, prob- 
ably of lime carbonate, is also 
formed on some of the peb- 
bles along the nm-off chan- 
nels and gives good indication 
of the source of the lime car- 
bonate that has cemented the 
gravel bluff. 

An analysis of the water 
(analysis 1 on p. 74) shows 
that it is moderately mineral- 
ized and of the sodium chloride 
type, though sulphate is also an 
important constituent 

In August, 1915, the water 
in the pool had a clear dark 
hue similar to that of ^^ black 
sulphur " waters. This appears, 
however, to have been due to 
a thin, slimy, dark-brown layer, rifixmm is.— sketch map showing locatton of 

presumably an algal growth, on Melozltna Hot springs. Ruby region, Alaaka. 

the stones in the bottom of the pool and not to the presence of 
notable amounts of sulphides in the water. The margins of the 
pool and of the discharge channels were lined with pale salmon- 
pink algae, which in only a few spots showed the more usual 
greenish huea 

In December, 1911, a two-room cabin and a dog house were built 
on the gravel bank near the springs. Two small log bathhoosee, 
apparently of somewhat earlier construction, on either side of the 




Elevations approximate 
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spring, have furnished bathing facilities by means of wooden tubs 
and sweat chambers. The springs are visited for several days at a 
time during the winter, both by parties of whites and of natives, 
but in summer the difficult trail causes them to be used only rarely. 

The country rock in the vicinity of the springs, so far as observed, 
is of granite or similar crystalline rocks. In the beds of two creeks 
one-quarter and three-quarters of a mile south of the springs 
water-worn pebbles of white crystalline limestone were noted. This 
material probably comes from the steep mountains 2 or 3 miles ea^- 
ward, which appear to consist of bedded sedimentary rocks, probably 
of Paleozoic age.^ Somewhere in its underground course the hot- 
spring water probably traverses limestone and absorbs from it cal- 
cium, carbonates, and carbon dioxide gas. The cause for the ab- 
normal temperature of the water is not evident; it may be due either 
to faulting or to the intrusion of granite into the sedimentary rocks, 
either of which would produce a high temperature gradient and fur- 
nish fissures for the upward escape of deep-seated water. 

The springs evidently issued at their present location and formed 
the cemented gravel knoll or bank at a time when the creek channel 
was somewhat farther away. The stream has, however, apparently 
within comparatively recent years, attacked the cemented bank, and 
at present is undercutting it. Within a few decades the present pool 
may therefore be destroyed and the hot water allowed to issue at the 
river level. 

HORNER HOT SPRINGS. 

Homer Hot Springs (19 on PL I), although only three-quarters 
of a mile from Yukon River, appear to have been unknown to the 
whites until about 1913, when they were shown by an Indian to F. G. 
Horner, who has built a cabin and planted a small garden near them. 

The springs issue at several points along a small creek that enters 
Yukon River 5 miles below Kokrines, all but one of the springs noted 
being on the right (west) side of the creek. 

The principal spring issues from a granitic cliff 100 feet from 
and 40 feet above the creek. Part of the discharge, which is about 
25 gallons a minute, at a temperature of 117** F., is piped to a wooden 
bath tub in the cabin immediately below. (See PI. VII, C.) In 
1915 the remainder of the discharge had not yet been utilized, but a 
narrow alluvial strip along the creek was available for use as an 
irrigated garden. The water has a faint taste and odor of hydrogen 
sulphide but is not otherwise noticeably mineralized. Pale salmon- 
colored to green algal growths, common in thermal sulphur waters, 
line ih& run-off channel. 

^ Brooks, A. H., The geography and geology of Alaska : XT. 8. GeoL Surrey Prot Pftpar 
45, pL 21, 1906. 



t)igitized by CjOOQ IC 



HOT SPRINGS OP YUKON BASIN. 69 

An analysis (tabulated on p. 74) shows that the water is of mod- 
erate mineralization and of the sodimn chloride type, though carbon- 
ate and sulphate constitute large portions of the total of acid 
radicles. 

The other i^rings, of which seven were noted, issue at intervals 
from about 175 to 350 yards upstream from the principal spring and 
at heights of 2 to 20 feet above the creek. Like the principal spring 
they come from a fractured and partly disintegrated granitic rock, 
and the water is aparently imder some pressure, as it issues with an 
upward current from each vent. These minor springs seem to be 
very similar to the main one. Their temperatures range from 86** ' 
to 120® F., and their discharges are from about one-quarter of a gal- 
lon to 8 gallons a minute, the total flow of the seven springs being 
about 20 gallons a minute, or less than the flow of the principal 
spring alone. The usual algal growth is seen at each spring, and it 
varies in color with the temperature of the water. 

The geology of the region has not been studied in detail and the 
rock structure has not been worked out. The granitic rock from 
which the springs issue is fractured, however, so the heated water 
may rise along a fissure in a zone of faulting that is possibly fol- 
lowed in part by the stream channeL This fissure would provide a 
means of escape upward for deep-seated hot water. The area cov- 
ered by the granitic material is believed to be only a few square 
miles at most, and it probably represents a mass intruded into the 
old sedimentary rocks that cover the greater part of the region.^ 

WABM SPBIKGS ON ALATNA RIVER. 

C. E. GiflSai, of the Geological Survey, reports that the stream 
water along a considerable stretch of the upper Alatna River (4 on 
PL I) is too warm to be pleasant for drinking, a fact which indicates 
that a large quantity of warm water enters the river in that part of 
its course, but no definite springs were observed during the recon- 
naissance of the region. 

The rocks along Alatna Eiver are mainly of Paleozoic age and are 
diiefly limestones and metamorphic schists.^ The warm water pos- 
sibly issues at a number of places from fractured zones in these 
rocks, but geologic studies in the vicinity have shown neither ex- 
tensive faulting nor the intrusion of granitic materials into the old 
sediments near the river, though there is an intrusive granitic mass, 
several square miles in area, on the higher slopes west of the river. 

^ Brooks, A. H., op. cit. 

* Smith, P. S., The Noatak-Kobuk region, Alaska : U. S. Geol. Surrey Ball. 536, pi. 2, 
191S. 
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WARM SPRING NEAR REED RIVER. 

In 1888 the Kobuk Kiver basin was penetrated by an exploring 
expedition under the direction of Lieut. G. M. Stoney, of the United 
States Navy. Eeed River, a small tributary of the upper Kobuk^ 
was examined and a warm spring (3) near its headwaters visited 
by Ensign M. L. Reed, after whom the stream was named by 
Stoney. Of this spring Stoney says in his report : * 

There was but one hot spring there, a pool 20 feet In circumference and 2 
feet deep, fuU of water of blood-warm temperature that wells up quietly from 
the bottom wi^out bubbles or disturbances of any kind and fills the pool witb 
a clear, tasteless, odorless water ; the oTerflow runs into and fills smaUer pools 
lying lower down the mountain side. The bottoms of aU the pools are cov- 
ered with green moss, on which is a limelike deposit, and the ground and 
rocks about the pools are similarly coated. About the edges of the main 
spring were thousands of small snails. The atmosphere Is not affected in 
temperature, nor are the rocks and ground about The natives say the tempera- 
ture of the spring varies ; that sometimes it ts so hot they can cook meat in It 

The mention of snails is a feature that was not observed at any 
hot spring by the writer. The statement of the natives that the 
spring varies in temperature is another unusual feature of this 
spring, if it is true. Such springs are almost universally very con- 
stant in both temperature and flow, however, and the statement of 
the natives should be verified instrumentally before being accepted. 

The spring probably issues from the ancient metamorphic schists 
that form the country rock of the region.* Intrusive granitic mate- 
rial is present 20 or 30 miles to the east, however, and other in- 
trusive masses may exist in the vicinity of the spring. 

HOT SPRINGS NEAR SELAWIK RIVER. 

There is said to be a group of hot springs (2 on PI. I) near the 
headwaters of Selawik River, but no definite information concern- 
ing them is at hand. They probably issue from Mesozoic or older 
sedimentary rocks, as these ancient sediments (overlain by Quater- 
nary gravels) cover large areas in the region.* Whether the rise 
of the heated water is due more probably to faulting or to the in- 
trusion of granitic or other crystalline rocks into these sediments 
can not be stated. 

HOT SPRINGS ON A TRIBUTARY OP INNOKO RIVER. 

In the summer of 1915 a prospector told C. E. Giffin, of the United 
States Geological Survey, that he had found hot springs (18 on 
PI. I) on a tributary of the upper Innoko River. He stated that the 
flow of water was considerable and that it was decidedly hot, but 
gave no details concerning other features of the springs. 

^stoney, Lieut. G. M., Naval explorations in Alaska, p. 47» Annapolis, 1900. 
• Sit* - - - -o. dt, pL 2. 
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The rocks of the region consist chiefly of Mesozoic sandstones 
and other sediments, into which at many places igneous rocks are 
intruded.* From the conditions noted at other springs in Alaska 
it seems probable that those in the upper Innoko Basin are directly 
related to an igneous intrusion. 

WARM SPRINGS NEAR IDITAROD, 

A. G. Maddren, of the Survey, reports that springs (38 on PL I) 
near the north bank of Otter Creek, about a mile above Discovery, 
or 10 miles southeast of Iditarod, stay open all winter. The tempera- 
ture of the water was not observed but is presumably several degrees 
above normal. The water issues near the contact of granite and 
slate,* where fissures or seams extending to considerable depths very 
probably furnish means of escape for deeper thermal waters. No 
noticeable deposit is formed by the springs, but the rock is consid- 
erably stained as if by iron. 

HOT SPRING NEAR WHITEFISH LAKE. 

The following information concerning a hot spring (47 on PL I) 
near Whitefish Lake, which lies near Tulusak Kiver, a tributary to 
the lower Kuskokwim, is furnished by A. G. Maddren, of the United 
States Gteological Survey. • 

On the headwaters of a tributary of Ophir Creek, which flows into 
Whitefish Lake, a hot spring is used for bathing by prospectors and 
by Lapp reindeer herders. 

The water bubbles up with considerable force through a heavy 
mantle of moss among willows 1| or 2 miles above the limit of timber, 
forming a stream 2 to 8 feet wide and a foot deep. The spring is 
about 750 feet above Whitefish Lake, which is believed to be about 
250 feet above sea level. Its water is clear and of nearly scalding 
temperature. There is possibly a slight odor of hydrogen sulphide, 
but no algal growth was apparent when the place was visited by Mr. 
Maddren. A couple of tents erected over the run-off stream 200 to 
300 yards below the spring have formed bathing places a£ points 
where the water is of an endurable temperature. 

The water issues in a small area of granite that is intrusive in a 
region of volcanic tuffs of Carboniferous age. 

Mr. Maddren also reports that about 13^ miles in a direct line 
east of south from the spring there is a siliceous sinter cone 150 
feet hi^, at the east edge of Myrtle Creek, at the contact of an area 
of shales on the east witJi granite on the west The cone is evidently 
an old hot-spring formation, but the creek has cut into its base so 
that any warm water that still issues probably seeps directly into 
the stream. 

^Bakin, H. M., The Idltarod-Rnby region, Alaska: U. S. GeoL Survey BoU. 078. pi. a. 
1914. 
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HOT SPRINGS NEAR TULUKSAK RIVER. 

Mr. Qiase, storekeeper at Anvik, told the writer that his partner, 
F. H. Kruger, visited hot springs near Tuluksak River (46 on PL I), 
in the vicinity of Whitefish Lake, and found* there much "green 
slime," doubtless algal growth, and noted a distinct sulphurous odor 
but did not especially observe the temperature and flow of the water. 

From the specific mention of algal growths and of hydrogen sul- 
phide the locality is believed to be different from that near White- 
fish Lake which was visited by Mr. Maddren, but here, as at the 
spring examined by Mr. Maddren, the rock is probably granitic, 
consisting of an intrusive mass in the sedimentary rocks, probably 
of Cretaceous age.* 

SEWABD PENINSXTIiA. 

DISTRIBUTION. 

Hot springs are reported to occur at several points on Seward 
Peninsula. (See PL VI.) The geologic conditions at all of them are 
not known in detail; but examinations made of those whose rock 
structure has been determined indicate that all are directly related to 
areas of granitic rocks, intruded into older sedimentary or meta- 
morphic materials. The springs do not seem to be connected either 
with extensive faulting or with volcanic activity. 

KRUZGAMEPA HOT SPRINGS. 

Kruzgamepa Hot Springs (PI. VII, A) are 70 miles north of 
Nome, in the wide flat valley of Kruzgamepa River, one-third of a 
mile south of the stream. The property (18 on PL I) was hom^ 
steaded a number of years ago and has produced considerable 
amounts of potatoes, cabbages, turnips, and other vegetables, which 
have found ready sale in Nome, where they have been sent by the 
trains of the Seward Peninsula Bailway, which passes within 8 
miles of the springs, and, since the discontinuation of train service, 
by light cars pulled by dogs. In the summer of 1915 these dog cars 
furnished the easiest and quickest means of reaching the springs. 
In winter a shorter route by dog team is found through Goldengate 
Pass, about 10 miles west of the railroad. 

Several years ago the property was kept up as a resort, and was 
often visited by parties from Nome and other mining centers of the 
region ; but the roadhouse and saloon building was burned in 1908 aiid 
since that date the bathhouse has not been kept in repair. The loca- 
tions of the several springs and the improvements on the property 
are shown in figure 14. 

1 Brooks, A. H., The geography *nd geology of AiaBka : U. S. Geol. Survey Prof, Paper 
45. pi. 21. 1906. 
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An area perhaps 100 yards wide and half a mile long, bordering a 
small creek that is at times a flood-water channel of EIruzgamepa 
Kiver, appears to be permanently thawed by the hot water, and as 
this ground is loose and sandy, not dense and peaty, as are the moss- 
covered hillsides of the region, it has been especially adapted to 
growing vegetables. 



too 







Fioun 14. — SVetch map of Krasgamepa Hot Springs and Improvements in 1915, Seward 

Peninsula, Alaska. 

Hot water is visible only in small quantities, as it tends to seep 
oflf below the surface through the loose alluvial valley materials. 
In the fall of 1915 the total visible discharge of hot water at the 
springs was only about 8 gallons a minute. The hottest spring, 
which has a temperature of 156^ F., issues in a small curbed pit in a 
greenhouse near the bathhouse. The water was carried in a box 
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flume through a sweat chamber to two bathing pools in a bathhouse^ 
one pool for men and the other for women. A stand box in the flume 
afforded a place to dip out water for drinking and was known as the 
"medicine chest." 

The water is clear, has only a slight odor of hydrogen sulphide, 
and tastes distinctly salty. It deposits small amounts of rust-colored 
iron oxide. A slight deposit of alum was seen at the principal spring. 
An analysis of the water (analysis 3, below) shows that its content of 
solids is high. It is a sodium chloride water that is practically a 
weak brine. Although the springs are not very far above tide limit, 
the ratio of sulphate to chloride in the spring water is so low that the 
high salinity seems not to be due to an admixture with sea water. 
In the spring water the ratio of sulphate to chloride is about 1 : 138, 
whereas in sea water it is about 1 : 7. The calcium-sodium ratios also 
are markedly different, being 1:2.9 in the spring water and about 
1 : 30 in sea water. 

Mineral analyses of tcatera from hot springs in the Yukon River basin and 
Seward Peninsula, Alaska, 

[Parts per mUUon except as otherwise designated.] 

ConsUtuents. 1 I 2 ' 3 




Silica fSiO,) 78 

Iron(Fe) .75 

Aluminum ( Al) 

Caldura(Ca) 11 

Magnesium (Mg) 2. 8 

8odium(Na^ \,.0- 

Potassium{K) / *"' 

Carbonate radicle (CO,) 31 

Bicarbonate radicle ( HCOj) 32 

Sulphate radicle (SO*) , «1 

Chloride radicle (CI) 92 

Nitrate radicle (NOa) Trace. 

Borate radicle (ntOi). .,,. T Present. 

Totai dissolved soUds at 180' C : 442 

Temperature (* F.) 181 

Chemical character Na-Cl 

a Calculated. 

1. Molozitna Hot Springs ; principal spring. lias distinct odor and taste of hjdrogeo 
sulphide. Deposits small amounts of sulphur and calcium carbonate. Sample collected 
Aug. 12, 1915, by G. A. Waring; analyzed by 8. C. Dlnsmore. 

2. Horner Hot Springs; principal spring. Has slight taste and odor of hydrogen sul- 
phide. Sample collected Aug. 10, 1915. by O. A. Wanng; analysed by 8. C. Dlnsmore. 

3. Krusgamepa Hot Springs ; spring In hot house. Has distinct salty taste, and sllicbt 
taste and odor of hydrogen sulphide. Deposits small amoimts of sodium chloride, caldon 
carbonate, and alum. Sample collected Sept. 2. 1916. by G. A. Waring; analyzed by 
S. C. Dlnsmore. 

The two bathing pools have been excavated in the alluvium beside 
the small creek, and some hot water probably rises in them. The 
temperature in these pools was only 110° F., however, a comfortable 
temperature for bathing. A bathhouse was first constructed 30 or 
40 yards east of the present one, and small amounts of water, 100*" F. 
in temperature, still issue at this earlier-used spring. 
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^. KRUZGAMEPA HOT SPRINGS. SEWARD PENINSULA. 




B. CARBONATED SPRINGS NEAR BERING, SEWARD PENINSULA. 




C HORNER HOT SPRINGS. RUBY REGION. 
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The stream channel eastward, upstream from the original spring, 
contained in 1916 a long narrow strip of practically dead water, 
somewhat turbid as if from small amounts of carbonates in suspen- 
sion, and covered in part by an iridescent film of iron oxide. From 
a point about 50 yards below the bathhouse to nearly 300 yards 
downstream the creek was also very sluggish and contained turbid 
water about 80° F. in temperature. This was partly covered by a 
film of iron oxide and supported a growth of green algae. At the 
lower end of the sluggish stretch a stream of about 60 gallons a 
minute flowed over a graveHy riffle to another sluggish stretch. The 
increase in flow of the creek is doubtless due to warm water seeping 
into it from the lowland along its course. A heavy stand of oats, 
well filled out and shoulder high, covered part of this permanently 
thawed and warmed lowland on September 2, 1915. Snow may 
cover this ground during the winter, but turnips and other root vege- 
tables may be left in it without danger of freezing, and pulled only 
as needed. 

Along the creek channel about 30 to 40 yards below the bathhouse 
there was, in 1915, a deposit of black ooze, which A. F. Rogers, of 
Stanford University, on microscopic examination, found was an 
opaque black ferrous sulphide,^ containing several species of diatoms, 
as well as fine grains of quartz, biotite mica, muscovite mica, garnet, 
chlorite, tourmaline, and hornblende. 

As the springs are in an alluvial river valley, the underlying rock 
formation is not visible. The nearest slopes on the south, 2 or 3 
miles away, expose schists and gneisses, intruded by small areas of 
granitic rocks.^ It would appear plausible, therefore, that beneath 
the river alluvium at the springs the bedrock may be gneiss, intruded 
by a granitic mass; and that, as is apparently true at several other 
Alaskan hot springs, the heated water rises along the fractured con- 
tact zone between the two kinds of rock. 

ARCTIC HOT SPRINGS. 

Arctic Hot Springs (12), on Hot Spring Creek, a tributary of 
Serpentine River, were not visited by the writer but have been de- 
scribed by Collier.* 

Along Spring Creek for a distance of about half a mUe there are hot sulphur 
springs. Two of these, the upper and lower ones, were visited by the writer. 
The upper. spring is on the banks of the creek, probably above any except the 

* Mr. RoKers fttated In a letter to the writer that the ferrons sulphide is probably simi- 
lar to the mineral hydrotrioUte, described by Siderecks <ln a Russian article abstracted 
by Doss In Neues Jahrb., 1902, Band 2, p. 897), from Hadishibey, Liman, Russia. 

'ColUer, A. J., and others, The gold placers of parts of Seward Peninsula, Alaska: 
U. 8. Geol. Survey Bull. 828, pi. 10, 1908. 

*ColUer, A. J., A reconnaissance of the northwestern portion of Seward Peninsula, 
Alaska: U. S. Geol. Survey Prof. Paper 2, pp. 55-66, 1902. 
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highest floods. The epring Is in the center of a broad mound, 10 feet in diame- 
ter and perhaps 2 feet high* built up from material precipitated by the eptiog 
water. The temperature of the water is about 212* [probably only approxi- 
mately]. The lower springs are below the high-water mark of the creek. The 
amount of water is not over 1 miner's indi. For some distance around the 
spring the ground is warm, making it an ideal place for wintering in tbat 
climate. 

H. B. Bamett, of Teller, and Arthur Drewer, of Dayidsons Land- 
ing, furnished the writer with the following additicmal infoimatnn: 

k distinct odor of hydrogen sulphide is present, but the water does 
not taste very noticeably mineralized. In addition to the mound de- 
scribed by Collier, small amounts of a hard, white deposit, probably 
lime carbonate, are also deposited on stones along the hot-water 
stream. 

A few years ago prospectors built a cabin near the upper spring 
and a bathhouse over a bathing pool 10 to 12 feet in diameter. Cold 
water from the creek is admitted to lower the temperature sufficiently 
for bathing. 

The springs issue at the west border of an intrusiye granitic area 
about 5 miles in length and width, in a region of schists, slates, and 
other altered rocks.^ As is believed to be true at other hot springs, 
the heated water of Arctic Hot Springs probably rises from a cm- 
siderable depth along the fractured contact zone between the instni- 
sive granite and the country rock. 

WARM SPRINGS NEAR INMACHITK RIVER. 

Warm springs near the upper course of Inmachuk Biver (15), in 
the northern portion of Seward Peninsula, have been visited by F. E 
Moffit, of the United States Geological Survey. The springs remain 
unfrozen throughout the winter, but the temperature of the water is 
probably less than IW F. It issues from crystalline limestone^ and 
forms a shallow stream 3 or 4 feet wide. (See PI. Vlll, B.) No 
odor of hydrogen sulphide was noted, and the water did not appear 
to Mr. Moffit to be perceptibly mineralized. 

The relation of these springs to the rock structure is not evident, 
but the water possibly is heated by contact with rocks that have been 
warmed by friction in* a zone of minor faulting. The heat may be 
due in part to chemical reactions, but in the absence of an analysis 
of the water, the probability of such a source of heat can not be 
stated. 

1 Collier, A. J., op. clt., pL 8. See also more detailed map In MofBt Fred. H^ Tbe 
Fairhaven gold placers, Seward Peninsnla* Alaska : U. S. Oeol. Sorrej Ball. 247, pt ^ 
1905. 

'Moffit, F. H., The Fairhaven gold placers, Seward Penlnsnla, Alaska: U. & OeoL 
Survey BulL 247, pi. 8, 1905. 
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CARBONATED SPRINGS. REVILLAGIGEOO ISLAND, NEAR NEW EOOYSTONE ROCK, 
SOUTHEASTERN ALASKA. 




B, WARM SPRINGS NEAR INMACHUK RIVER. SEWARD PENINSULA. 
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HOT SPRINGS NEAR KWINIUK RIVER. 

Hot springs whose waters are distinctly sulphureted are reported 
at two neighboring localities near Kwiniuk Kiver (16 on PI. I) , which 
enters Norton Bay a few miles west of the larger and better-known 
Tubutnlik Eiver. 80 far as learned these springs are rather inac- 
cessible, have seldom be^i visited by whites, and have not been de- 
veloped or improved for bathing. 

The rocks of the region have not been examined in detail but are 
believed to consist of Paleozoic sediments, including metamorphic 
schists and other altered materials.^ As their character and structure 
are so little known, their probable relation to the springs can not be 
stated. 

HOT SPRINGS NEAR SWEEPSTAKE CREEK. 

Sweepstake Creek, a tributary of Koyuk Eiver, enters the latter 
30 or 40 miles by trail above the river's mouth. On a small tributary 
to the creek there are said to be hot springs (17 on PI. I), which in 
winter make picturesque carvings in the ice of the creek. Like a 
number of other Alaskan springs, they have not yet become well 
known, and in 1915 no detailed description of them was obtainable. 

The rocks of the locality are probably the same Paleozoic sediments 
and metamorphic schists* that are believed to be present at the 
springs to the southwest near Kwiniuk River. 

CARBONATED SPRINGS. 

SOTTTHEASTEBN ATiARKA. 
DISTRIBUTION. 

Carbonated or "soda" springs issue at a few scattered points in 
southeastern Alaska. (See PI. II.) All of them seem to be assign- 
able to the local geology and not to any general structural features. 
In some places the production of carbon dioxide seems to be associated 
with the presence of lava of a fairly recent period of effusion, but 
sufficient information concerning all the localities is not at hand to 
warrant a general statement to this effect. 

* Brooks, A. H., The geography and geology of Alaska : U. S. Oeol. Survey Prof. Paper 
4ft, pL 21, 1906. CoIUer, A. J., and others. The gold placers of parts of Seward Penin- 
sula, Alaska : U. S. GeoL Survey Bull. 828, pL 10, 1908. Smith, P. S., and Baktn, H. M., 
A geologic reconnaissance in southeastern Seward Peninsula and the Norton Bay-Nulato 
iegi(» : U. S. Oeol. Survey Bull. 449, pi. 6, 1911. 

'Brooks, A. H., op. cit., pL 21. Smith, P. S^ and Bakin, H. BL, op. dt., pL 6. 
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CARBONATED SPRINGS NEAR NEW EDDYSTONE ROCK. 

Strcmgly carbonated or '^soda" springs (109) issue on the easfcem 
side of Revillagigedo Island, opposite New Eddystone Rock, a promi- 
nent islet crag in Behm CanaL The springs rise almost wholly be- 
tween high and low tide limits on a rocky shore near the mouth of 
a large creek. One of the principal springs issues among the rocks 
2 to 3 feet above low tide. In 1915 its discharge issued mainly 
through a piece of 1-inch pipe with elbow coupling that had been 
driven into the vent. (See PL VIII, A.) Owing to the large amount 
of carbon dioxide given oflP the water is discharged in spurts one- 
half to one second apart The total discharge of this spring, as 
nearly as could be measured, was 4 gallons a minute, and the tem- 
perature was 50"^ F., while that of the adjacent salt water was 57® F. 
The water tastes strongly carbonated and also distinctly sulphureted, 
and the rocks over which it flows are deeply iron stained. An analysis 
of water from this spring (analysis 1 on p. 87) shows that it is 
a highly mineralized calcium carbonate water. The small amount 
of chloride (which forms only one-tenth of the total solid contents) 
indicates that there is very little, if any, admixture of sea water in 
the sample collected. The reported absence of sulphate shows that 
this radicle, if present at all, is in solution in only very small amount 

Water from this spring is said to have been bottled and sold 
locally for a short time a few years ago, as "Eddystone Water." 
The iron content would probably stain the bottles and injure its 
extensive sale. 

A few yards offshore from the main spring large numbers of 
bubbles continually rise. Considerable carbonated water may also 
escape at this place, but it looked as if only gas was given off. 
Numerous minor gas vents are indicated just offshore, northward 
from the main spring, by groups and strings of bubbles, and prob- 
ably much gas escapes alao along the rocky shore above tide limit 

Near the mouth of the creek, 500 yards northward from the main 
spring, there is another group of bubbling springs, the principal one 
of which is 4 or 5 feet below high-tide level. The water issues directly 
from a rock fissure, in a deeply iron-stained basin 10 inches in diam- 
eter and 2 or 3 inches deep. The recorded temperature here was 
49° F., and the discharge was about a quart a minute. This water is 
strongly carbonated, like that of the spring analyzed, but instead of 
a sulphureted taste it has a slightly bitter or puckery taste, probably 
due to iron. When visited, the location of this spring was pointed 
out by a signboard, and it probably was the favorite drinking spring 
for the former residents in a cabin near the southern group of 
springs. As at the southern group there are minor bubbling vents in 
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the tidewater near shore, and there is at least one other small sprinjg, 
which rises in an iron-stained rock basin a few yards from the drink- 
ing spring. 

The rock formation at the springs has been described in an earlier 
report of the Survey as " a banded schist complex cut by pegmatite 
dikes." ^ Lava of Quaternary (relatively recent) geologic age has 
been observed along the shore for about 5 miles southward from the 
spring Small areas of lava are also exposed along the canal shore 
opposite the springs,^ and other areas may be present on the densely 
forested slopes behind the springs. New Eddystone Rock is also of 
lava, possibly a volcanic neck which rises 234 feet high, according to 
the Coast Survey chart of the region. 

It was reported that carbonated springs issue at New Eddystone 
Bock itself, but careful search around the islet at about half tide 
failed to disclose any evidence of such springs. 

The extrusion of lava upward through the schist of the region may 
be the cause of the issuance of the carbon dioxide gas and carbonated 
water, for in other regions of volcanic rocks carbonated springs are 
fairly common. Much carbonic acid gas is given oflf from active vol- 
canoes, and apparently the escape of the gas continues long after 
volcanic activity has ceased. 

CARBONATED SPRINGS NEAR UNUK RIVER. 

Carbonated springs near Unuk River (105) have been visited and 
described briefly by F. E. Wright.* Several small springs, having a 
total flow of about 1,000 gallons daily (nearly a gallon a minute), 
issue on the west side of the river about 2^ miles below the inter- 
national boundary. The temperature of the water is 44® F. It gives 
off sufficient carbon dioxide to extinguish a candle, and some hydro- 
gen sulphide is perceptible by its taste and odor. Small amounts of 
native sulphur are deposited, and much iron as a rusty coating of the 
oxide forms along the run-off channels. A travertine deposit of lime 
carbonate is also formed at each of the several small springs. 

A small area of crystalline schist * is included in the greater mass 
of intrusive granite of the region near the locality of the springs, 
and the issuance of the mineralized water is perhaps due to this con- 
tact of different rock materials. 

CARBONATED SPRINGS NEAR SODA BAT. 

Carbonated springs (107) issue near Soda Bay, on the western side 
of Prince of Wales Island. These springs were visited in 1915 by 

^Wright F. 1^ and Wright, C W., The Ketchikan and WrangeU mining districts, 
Alaska : U. S. OeoL Soryej Bull. 847, p. 201, 1908. 
•Idem, pL 2. 
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FiouBi 15. — Sketch map of carbonated 
springs and Tidnlty near Soda Bay, 
Prince of Wales Island, sontbeastem 



Theodore Chapin, of the Geological 
Survey, who furnished the follow- 
ing description of them: 

Carbonated springs are present 
on the west coast of Prince of 
Wales Island, at Soda Creek, a 
small stream that enters the head of 
Soda Bay, 7 miles east of the north 
end of Dall Island and about the 
same distance nortliwest of Hjda- 
berg. A number of springs issue on 
each side of the creek and hare 
built up deposits of tufa in pla<xs 
30 feet or more in height. These 
deposits extend along the creek for 
one-quarter of a mile and back from 
the creek for several hundred feet 
The tufa is dominantly yellow in 
color, but in some places it is a con- 
spicuous brilliant red. Three forms 
of it were examined chemically by 
A. A. Chambers, of the United 
States Geological Survey, for gold, 
mercury, antimony, and arsenic, but 
no trace of any of these metals was 
found. The tufa is deposited in 
several forms. Stratified deposits 
line the banks of the creek, and 
mounds from a few inches to 8 feet 
high have been built up in the 
stream (see PI. IX, B). As a role a 
main vent is found at the top of 
each mound, and smaller streams of 
carbonated water issue from the 
base and sides. At the base of one 
yellow mound is a spring that d^ 
posits bright-red tufa. Springs 
issuing from below the surface of 
the creek were evidenced in * 
number of places by a vigorous 
bubbling. The springs are not 
large and generally do not flov 
as a stream but spread out is 
all directions, trickling down the 
sides of the moimds, which are 
continually building outward and 
upward. The positions of th^ 
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main springs are shown on the sketch map (fig. 15), and there are 
many other minor vents- 

A partial analysis of water fiom one of the largest springs indi- 
cates that it is of the calcium carbonate type and rather highly miner- 
alized, having about 2,600 parts per million of solid matter in 
solution. 

The flow of the spring from which the water sample was taken 
was roughly approximated as about 5 gallons an hour by the length 
of time it took to fill a quart bottle. The water of the various springs 
ranges in temperature from 48^ to 71° F. It has a pleasant taste 
and is free from disagreeable odor. 
It is used locally for drinking but 
has never been marketed. 

The rocks in the immediate 
vicinity of the springs are chiefly 
slates, graywackes, and other old, 
more or less altered materials. 
Limestone outcrops not far from 
the springs, however, and may 
supply the relatively large amounts 
of calcium and of carbonate and 
carbon dioxide that the water 
contains. The rocks are probably 
all of Carboniferous age and are 
believed to form large portions of 
Prince of Wales Island.* 

CARBONATED SPRINGS NEAR TROCA- 
DERO BAY. 




Carbonated springs (106) near Piotm» i6.-sketch map of carbonated 

^ . . spring and vicinity near Trocadero 

Trocadero Bay were visited by Bay, PHnce of waies island, Koutii- 
Theodore Chapin during his geo- ^^«*«™ ^*«*'*' 
logic studies in the region* and the following description of them has 
been prepared by him : 

Carbonated springs issue about a mile above the mouth of an un- 
named creek that flows into an arm of Trocadero Bay, locally known 
as Rig Harbor. They are 4 or 5 miles north of the Soda Bay springs 
and 10 miles southeast of Craig. A large number of individual 
springs issue on the west side of the creek, where they have built up 
tufa deposits over a considerable area. (See fig. 16.) The indi- 
vidual vents are small, but in several places the combined flow of a 

* Wright, p. B., and Wright, C. W.. The Ketchikan and Wrangell mining districts, 
U. S. Geol. Survey Bull. 347, pi. 1, 1908. 
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number of them form streams of appreciable flow. One of the 
largest springs bubbles up in a pool 2 or 3 feet in diameter, the over- 
flow of which makes a trickling streamlet. Most of the water from 
the springs is soon lost in the porous tufa over which it flows. 

The temperatures of the several springs range from 53° to 59"^ F. 
The water effervesces freely, has a diarp, pleasant taste, and is free 
from disagreeable odor. 

An analysis (tabulated on p. 87) of water from one of the principal 
springs shows that it is of high mineral content and calcium car- 
bonate in type. The various other substances are present in moderate 
amounts. 

The spring deposits are composed of red and yellow tufa and are 
similar in appearance to those near Soda Bay, but the mounds are 
less well developed. The tufa deposits form two terraces, 12 and 
15 feet in height, from which the springs issue. The general char- 
acter of these terraces is shown in Plate IX, C. 

The Trocadero springs are not well known, having been visited 
only by the local prospectors. They are a mile from the beach, in a 
region covered by a dense growth of underbrush through which no 
trail to them has been cut, though one could be easily opened. 

The carbonated water issues from a series of grayi^ackes and other 
altered sedimentary rocks of Carboniferous age ^ that are very prob- 
ably of the same series as those near the Soda Bay springs. Lime- 
stone is, however, present in the vicinity and may be the source of 
the calcium and carbonate constituents of the water. 

ZAREMBO SPRINGS. 

Zarembo Springs (95) issue near the shore of St Johns Harbor, 
on the northwest side of Zarembo Island, 28 miles west of Wrangell. 
The carbonated water rises, apparently at only one place, in the 
tidal flat of the south side of the harbor, about 45 yards from the 
shore. 

Several years ago the water was bottled and marketed for a short 
time. In order to render it available for this purpose a small build- 
ing and a concrete box, 5 feet square and 10 feet high, were con- 
structed over the spring, thus keeping out the tide water and forming 
a pool of the spring water inside. A wharf that connected the spring 
house with a cabin on shore (PI. IX, A) has been broken in two 
since the abandonment of the place. 

At low tide the water escapes from beneath the concrete box in 
a stream of about one-half gallon a minute. Its observed tempera- 
ture was 47° F., while the tide water registered 63® F. 

1 Wright, p. B., and Wright, C. W., op. dt, pi. 1. 
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^. ZAREMBO SPRINGS. ZAREMBO ISLAND, SOUrHEASTERN ALASKA. 




B. CARBONATE MOUND FORMED BY SPRINGS NEAR SODA BAY, PRINCE OF WALES 
ISLAND, SOUTHEASTERN ALASKA. 




C. CARBONATE TERRACES FORMED BY SPRINGS NEAR TROCADERO BAY. PRINCE OF 
WALES ISLAND, SOUTHEASTERN ALASKA. 
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Only a moderate amount of gas rises in the spring, but the water 
is effervescing with carbon dioxide. It deposits small amounts of 
iron and forms an iron film in the concrete box. The iron is not 
present in solution in sufficient amount to give the water a per- 
ceptible taste but is said to be enough to stain bottles and to injure 
the sale of the bottled water. Analyses (tabulated on p. 87) show 
that the water is of high mineral ccmtent consisting chiefly of cal- 
cium and carbonate. The proportion of sodium is fairly large, but 
the amount of sulphate is remarkably small for a water of such high 
concentration. 

In the bay, about 700 yards N. 10° W. of the spring, large bubbles 
were noted continually rising to the surface. On testing with a flame 
they appeared to be of air, not of carbon dioxide, and probably were 
due to air trapped by the rising tide in the porous gravel of the 
harbor, under the same conditions as at the head of Fish Bay (p. 33). 
Smaller groups of bubbling vents, probably of the same character, 
were noted at a few places along the shore northwest of Zarembo 
Springs. 

There is reported to be another minor carbonated spring in the 
forest half a mile south of Zarembo Springs, but its exact location 
was not learned. 

Rock in place is not exposed on shore immediately opposite the 
springs, but 200 yards to the northwest there is a low point of green- 
stone, with schistose to coarsely crystalline phases, which continues 
for several miles to the west. East of the springs the rocks are 
slates, schists, and other altered materials.^ The springs apparently 
issue in the contact zone between the two formations. 

The greenstone lava is in places interbedded with slate. The 
relation of the carbonated springs to the lava is not clearly evident, 
but it seems plausible that the production of carbon dioxide is con- 
nected more or less closely with the lava flows. 

CARBONATED SPRINGS ON SOUTH END OF ZAREMBO ISLAND. 

George Peterson, of the Forest Service, reports that, in addition 
to Zarembo Springs, carbonated springs (96) are said to issue at the 
south end of the island near the shore. This latter group appears 
not to have been developed, however, nor visited, except by an occa- 
sional hunter or prospector* So far as reported their waters are 
cold and similar in taste to that of Zarembo Springs. 

The rock formation in the vicinity of the springs is probably 
c(Mnposed of the same series of greenstone lava flows that is present 
near Zarembo Springs.^ 

» Wright, F. E., and Wright, C. W., op. clt, pi. 8. 
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YTTKOK BASIN. 
DISTRIBUTION. 

Only four cool carbonated-spring localities in the Yukon basin 
were reported. Two of these are near together, near Yukon River 
in the region of Circle; the third is in the Nenana coal fields; and the 
fourth is near the lower course of the Yukon. The apparent scarcity 
of carbonated springs in the region is remarkable, but this scarcity 
may be partly due to lack of detailed knowledge of the region. The 
tendency of cool carbonated water to issue chiefly in areas of com- 
paratively recent volcanic activity may in part explain their scarcity 
in the interior of Alaska, however, as areas of recent lava are not 
plentiful in the region. 

CARBONATED SPRINGS NEAR WOODCHOPPER CREEK. 

Fred Brentlinger, of Circle, reports small carbonated springs (33) 
of very good drinking water, about 45 miles southeastward from 
Circle, beside the trail up Woodchopper Creek. The principal 
spring is about half a mile below the mouth of Mineral Creek, or 3 
miles from Yukon River. (See fig. 6.) Others issue at two or 
more points farther up Woodchopper Creek. None of these springs 
appear, up to 1915, to have been developed in any way, and they 
have been known only to prospectors in the region. 

According to reconnaissance studies of the Survey^ the springs 
are in a belt of conglomerates, sandstones, and shales of Eocene age, 
flanked on the north and the south by older, more-altered sediments 
From the description obtained of the positions of the springs they 
may issue near the contact of the older and newer rocks, but this 
relation was not definitely learned. 

CARBONATED SPRINGS ON COAL CREEK. 

Fred Brentlinger, who is personally familiar with the springs on 
Woodchopper Creek, has also visited carbonated springs (34) ou 
Coal Creek, about 12 miles by trail from the steamer landing at 
Woodchopper Creek. The trail follows up Woodchopper to Mineral 
Creek, up Mineral for a couple of miles, then across the divide, and 
up Coal Creek for about a mile. The water normally issues in con- 
siderable flow on the canyon side about 75 feet above the right bank 
of the stream, but in winter the spring glazes over and the water 
emerges from beneath the ice lower down, at times being forced by 
the ice to the left edge of the creek. The water is strongly carbon- 
ated and the channel is somewhat stained with iron. 

The rock formation, as indicated by reconnaissance studies of the 
Survey,* probably consists of sedimentary rocks of Paleozoic age 

iPrlndle, L. M., A geologic reconnaissance of the Circle quadrangle, Alaslca: U. S. 
Oeol. Survey Ball. 588, pL 2, 191? • 
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though the springs may issue near the contact of these older rocks 
with the belt of conglomerates and other sediments of Eocene age on 
the north, in which the carbonated springs near Woodchopper Creek 
(p. 84) are believed to be situated. From the reconnaissance geo- 
logic work and the reported locations of the springs it seems that the 
springs on Coal Creek and the upper ones near Woodchopper Creek 
may issue along the same contact zone, trending northwest-southeast 
between the belt of Eocene and the wider areas of older rocks. 

CARBONATED SPRING ON HOSEANNA CREEK. 

In the summer of 1916 G. C. Martin visited a cool carbonated 
spring (42) in the Nenana coal fields and furnished Vhe following 
notes concerning it : 

The water issues near the south side of Hoseanna or Lignite Creek 
about 8 miles above its junction with Nenana River. According to 
surveys by the General Land Office the spring is in the •NW. i sec. 8, 
T. 12 S., R. 7 W., Fairbanks meridian, at an elevation of about 1,400 
feet. A pool about 18 inches in diameter had been excavated at the 
spring and the water apparently was used to some extent for drink- 
ing. The overflow was perhaps 2 gallons a minute, and the channel 
for some distance downstream was iron stained. The temperature 
of the water was about that of other springs of the region, or about 
60*^ F. There was no noticeable effervescence, but the water tasted 
distinctly carbonated. The spring issues on a gravel bench about 
10 feet above the creek. The bedrock exposed near by consists of 
schists and altered volcanic materials, but the sedimentary rocks of 
the coal measures are also present in the vicinity, possibly being ex- 
posed by faulting. 

There are several other small mineralized springs farther upstream, 
in the NE. J sec. 3 ; and A. G. Maddren reports that about 6 miles far- 
ther upstream a small mineralized creek enters Hoseanna Creek in 
the SW. i sec. 34, T 11 S., R. 6 W. 

CARBONATED SPRINGS NEAR MARSHALL. 

About 7 miles east of Marshall (Fortuna Ledge post oflSce), an im- 
portant supply point on the tundra lowland on the north bank of 
Lower Yukon River and half a mile from the landing at the slough 
from which the trail to Willow Creek starts, there is a group of car- 
bonated springs (45) in the lowland between Spruce and Wilson 
creeks. These springs were visited in 1916 by G. L. Harrington, of 
the United States Geological Survey, who furnishes the following 
notes: 

Several mounds up to 4 or 5 feet in height have been built by 
the spring deposit, which consists chiefly of lime carbonate and iron 



Digitized by LjOOQ IC 



86 MIKEBikL SPBIN08 OF ALASKA.' 

oxide. Two or three of the mounds no longer yield an appreciable 
flow, but the others supply streams of perhaps 1 to 2 gallons a minute 
of oool carbcmated water. Several of the springs have slight flow, 
but the water issues in pools in which bubbles of gas, probably car- 
bon dioxide, intermittently rise. Along the flat to the south, o?er 
which these springs drain, there is an area fully one-quarter of a 
mile long, having very little vegetation but covered in large part by 
a thin layer of lime carbonate. 

In 1916 a saloon had been built over one of the principal springs 
and a pool 2 or 3 feet deep excavated, from which water was dipped 
for serving at the bar. An analysis of a sample from this spring 
(tabulated on p. 87) shows that the water is calcium carbonate in 
type with a high content of total solids. It is supersaturated mih 
tree carbcm dioxide, and 1,340 parts per million of this gas was found 
on analysis three mcxiths after the sample was collected. The other 
constituents are present in relatively small amounts compared with 
the total content. Similar springs are also reported to issue at points 
about 6 and 10 miles farther east, in the lowland bordering Yukon 
River. 

The nearest bedrock exposures are of greenstones on the north and 
Quaternary lavas on the south. The geology of the region has not 
been worked out in detail, but the presence of carbonated water is 
possibly connected with the intrusion of the volcanic rocks upward 
through Cretaceous sediments, which cover large areas in the region.^ 

SEWABD PESnOfSULA. 
DISTRIBUTION. 

Carbonated springs have not been reported from the southern por- 
tion of Seward Peninsula but have been from seven places in the 
northern half. (See PL VI.) Five of these spring localities are 
within a few miles of Teller and form one general group. The other 
two are about 35 miles northeast and 65 miles north of east of TeUer. 
They seem, from their geographic positions, to be unrelated to the 
others, though they may be due to similar geologic conditions. 

Satisfactory evidence in the matter was not obtained, but it seemed 
that those near Teller may be related, directly or indirectly, to the 
issuance of small masses of lava through the old limestones and 
other altered sediments of the region. 

CABBONATED SPRINGS NEAR BERING. 

A group of carbonated springs (6) issues about a mile northwest 
of Bering, on the east shore of Port Clarence. The water issues 

^ Brooks, A. H., The geography and geology of Alaska : U. S. GeoL pnrrey Pro! Paper 
45, pL 21, 190e. 
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mainly on the north edge of Willow Creek, a small stream, at the 
base of a steep hillside, about a half mile from the beach. 

In a marshy area of about 40 by 75 feet the carbonated water rises 
at several points, with a total flow of perhaps 80 gallons a minute. 
Temperatures of 35® to 41® F. in the springs were noted on August 
31, 1915, the creek water having a temperature of 49® F. The spring 
water is strongly but not effervescingly charged with carbon dioxide 
and is very palatable. Considerable flocculent iron oxide is deposited 
on sticks and roots in the marshy pools, and small amounts of white 
brittle material that is probably lime carbonate is deposited in a few 
places on the muck. The springs have often been visited by people 
from Teller, 6 miles to the north, who have taken away demijohns of 
the water for drinking. The springs are also occasionally visited by 
the natives, and sometimes they attract the reindeer herds of the 
region as a sort of salt lick. 

An anal3rsis (included in the following table) shows the water to 
be very highly mineralized, of the calcium carbonate type, though 
chloride is also present in large amount. 

Mineral analv$e$ of waters from carbonated springs in Alaska. 
[Parts per millton except as otherwise designated.] 



ConstltaeDts. 
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6 


8iUoa(810a) 


76 
1.3 
3.7 
278 
117 
110 
9.6 
.0 

132 
.0 
.0 
1,382 

50 
Ca^O, 


71 
6.2 
7.0 
484 
46 
03 
7.0 
.0 
1,854 
4.6 
13 
Trace. 
.0 
1,582 

60 
CanCOi 


00 
2.5 
4.1 
853 
70 
208 
10 
.0 
1,039 
2.8 
81 
Trace. 
Trace. 
1,653 

47 
CanCOi 


68 
67 
2.8 
376 
80 
218 
11 
.0 
2,249 
1.2 
28 
Trace. 
.0 
cl,968 

*Ca^*<^* 


40 
6.2 
4.0 
860 
68 
32 
14 
.0 
1,456 
18 
3.1 
Trace. 
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Mitfneniiiin (Vr). 
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Carbonate radicle (COi) 


.0 


Bicarbonate radicle (HCOi) 


1,805 


Sulphate radicle (8O4) 


' 41 


Chkffide radicle (Cl) 


380 


Nitrate radicle (NOi) 


.0 


Borate radiclA r^iOfS 


.0 


Tot^l dL<BolT«d soHds at 180* C 


1,270 

k50 
Ca^Oi 


2,077 


Temperatnre (* F.) 


35 


^^emlcal character 


Ca-COi 







• Ne^atiYe tests obtained for phosphate, arsenate, nitrite, bromine, and iodine. A trace of manganese, 
J part of lithium, 1.0 part of ammonium, and 2.0 parts of strontium reported. 
^Approximate. 
< By summation, with bicarbonate computed a5 carbonate. 

1. Carbonated springs near New Eddystone Rock ; spring Issnlng from pipe below high- 
Ude level. (See Pi. VIII, A,) Supersaturated with carbon dioxide. Also has slight taste 
of hydrogen sulphide. Deposits iron. Sample collected June 16, 1916, by G. A. Waring ; 
analysed by S. C. Dlnsmore. , . ^ ^ ^ ^ _,^w 

2. Carbonated sprtngs near Trocadero Bay : principal spring. Supersaturated with car- 
hon dioxide. Sample collected Sept. 14, 1916, by Theodore Chapin; analysed by S. C. 
Dlnsmore. 

3. Zarembo Springs; principal springr. Supersaturated with carbon dioxide; deposits 
Iron. Sample collected June 18, 1916, by G. A. Waring ; Imalyzed by 8. a Dlnsmore. 

4. Zarembo Springs ; principal spring. Sample received June 1, 1911, by the Bureau of 
Chemistry, United States Department of Agriculture ; analysed by J. W. Sale. 

5. Carbonated springs near Marshall: spring In saloon. Supersaturated with carbon 
dioxide; contained 1,840 parts of free COs when tested In the laboratory 3 months after 
collection. Sample collected by G. L. Harrington Aug. 26, 1916 ; analysed by B. B. Dole 
and Alfred A. Chambers. 

6. Carbonated springs near Bering; principal spring. Supersaturated with carbon 
dioxide; deposits considerable calcium carbonate and iron. Sample collectad Aug. 81, 
1916, by G. A« Waring ; analysed by a C Dlnsmoie. 
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Besides the principal springs on the north side of the creek, con- 
siderable carbonated water probably escapes along the southern bank 
of the creek ; for sloughlike pools along this side are doudy, prob- 
ably due to finely divided iron carbonate in suspension; and an iri- 
descent film of iron oxide covers the quieter surfaces. 

The rocks of the bluff north of the springs consist of laminated 
slate and limestone, assigned provisionally in reconnaissance studies 
of the Geological Survey to the Silurian and Ordovician geologic 
ages.^ These old sedimentary rocks are intruded by small areas of 
volcanic rocks (greenstones) that in places form typical flat-topped, 
cone-shaped hills, which in the field strongly resemble volcanic cones. 
In the geologic mapping, the greenstones coincide fairly well with 
the tops of the hills. Two of these hills rise southeast of the carbo- 
nated springs. (See PL VII, B^ p. 74.) The intrusion of the volcanic 
rock into the older rocks containing limestone might plausibly ac- 
count for the production of carb(m dioxide, either by heat alone or 
by chemical reactions that release this gas from the limestone. No 
close relation between the volcanic intrusives and the position of the 
carbonated springs was observed, though such a relation may exist. 

OTHER CARBONATED SPRINGS ON SEWARD PENINSUIA, 

Carbonated springs similar to those near Bering were reported at 
six other places in the region — ^near Coyote Creek (7), near Igloo 
Creek (8), near Agiapuk River (5), near Dese Creek (9), near Bndd 
Creek (10), and near Noxapaga Eiver (14). 

The carbonated springs near Coyote Creek (7) are 4 miles son&- 
east of Teller. Their flow is said to be small but strongly carbonated. 
f his water is locally considered to be less palatable than that of the 
springs near Bering. 

Near Igloo Creek, 1^ to 2 miles above its mouth and about 7 miles 
northeastward across Grantley Harbor from Teller, small carbonated 
springs (8) are reported, but no details concerning them are at 
hand. 

A group of carbonated springs (5) of fairly large flow issues near 
the south or west fork of Agiapuk River, 1\ to 2 miles above its 
junction with the main stream, or 10 miles in a direct line north of 
Teller. The springs have be^i seldom visited, however, and little 
attention appears to have been paid to them. 

Some carbonated springs (9) about 8 miles southeast of Teller, 
near Dese Creek, 2 miles above its mouth, are locally considered 
to be as large and to yield as palatable drinking water as those near 

1 Collier, A. J., and others. The gold placers of parts of Seward PenlnBuIa, Ala^a: 
U. S. Geot Survey Bull. 828, pi. 10, 1908. 
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Bering, but on account of their greater distance and less accessibility 
from Teller they have been seldom visited. 

A small group of mineral springs (10) is reported near Budd 
Creek, a tributary of American River, 36 miles in a direct line 
northeast of Teller. In an area about 10 feet in diameter there are 
said to be several cool springs, noticeably different in taste, though 
the characteristic tastes of carbon dioxide, hydrogen sulphide, and 
iron are said to be the most prominent. 

About 65 miles in a direct line north of east from Teller, near 
Turner Creek a mile above its junction with Noxapaga River, a 
tributary of the Kuzitrin, there are carbonated springs (14) that 
are said to be similar to those near Bering. 

So far as is known from reconnaissance geologic studies on the 
peninsula, all of these carbonated springs issue from the same general 
series of Silurian and Ordovician limestones, slates, and schists as 
do the carbonated springs near Bering.* 

SULPHUR SPRINGS. 

DISTIUBUnON. 

Cool sulphur springs seem to be uncommon in Alaska, and the few 
that are reported are widely scattered. Those mentioned in the 
following pages are the only ones learned of by the author. Prob- 
ably numerous other mildly sulphureted springs exist in various 
parts of the territory but they have received little attention from 
prospectors or trappers. 

SULPHUR SPRINGS ON REVnXAOIG«X) ISLAND. 

The only developed cool sulphur springs (108) of which informa- 
tion was obtained are situated west of George Inlet of Behm Canal, 
about 10 miles north of east from Ketchikan. 

The springs are on the Peterson lode claim, in an area of crystal- 
line schist.^ The water issues mainly from a fissure in schist that 
dips 80° N. 65° E., at a point about 100 yards from and 50 feet 
above the shore, on the side of a small creek, 25 feet above the 
stream. Minor seepages of water issue from the banks a few feet 
away. In 1915 a small bathhouse with a wooden tub stood near the 
springs. One pipe conducted a part of the water directly to the tub, 
and another was connected with a coil in a small furnace beside the 

^ Collier. A. J., and others. The gold placers of parts of Seward Peninsula, Alaska : 
U. 8. Geol. Survey Bull. 328. pis. 10 and 11. 1908. 

•Wright. P. B., and Wright, C. W., The Ketchikan and Wrangell mining districts, 
Alaska: U. S. Geol. Survey Bull. 347. pi. 2, 1908. Smith, P. S.» Lode mining in the 
Ketchikan region : U. S. Geol. Survey Bull. 592, p. 90, 1914. 
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house for heating the water for bathing. Two prospectors' cabins 
stood near the shore below the springs. 

The total flow of the springs was about 4 gallons a minute, and 
the recorded temperature was 57^ F. This temperature is probably 
10*^ or 12° above the mean annual temperature of the region.^ It 
may be due in part to the fact that the water rises from a con- 
siderable depth, where the earth's crust is considerably warmer; or it 
may be due wholly or in part to the heat of chemical reaction, prin- 
cipally the oxidaticm of pyrite (iron sulphide), a mineral which the 
schist contains in abundance. 

The water is clear, with no bubbling. It tastes noticeably of 
hydrogen sulphide; and a white sulphur-secreting algal growth, a 
common accompaniment of cool sulphur springs, lines its run-off 
channeL 

The following analysis shows the water to be of low mineral con- 
tent, calciimi carbonate in type, with an amount of silica that is high 
in proportion to the total solids: 

Mineral analyHt of water from principal tulphur spring on Revmagigedo 
Island, Boutheastem Alaska.* 

[Parts per mUlion except as otherwise desigiiated.] 

SUlca (SIO.) 81 

Iron (Pe) .5 

Calcium (Oa) 1 15 

Magnesium (Big) 2. 6 

Sodium and potassium (Na+K) 1 'aS 

Carbonate radlde (CO.) .0 

Bicarbonate radicle (HCC.) 51 

Sulphate radicle (SO*) 16 

Chloride Mtdlde (CI) ff.5 

Nitrate radicle (NO.) .0 

Borate radicle (B^Or) . 

Total dissolved soUds at 180*' C 122 

Temperature (*F.) . 57 

Chemical character Ca-CO» 

The sulphate constituent in the water is probably derived largely 
from the pyrite in the schist. The reaction is not simply one of oxi- 
dation of the pyrite (iron sulphide) to iron sulphate; it probably in- 
volves not only the change of the pyrite to iron sulphate but also the 
i*eduction of part of this sulphate to soluble sulphides, which are pres- 

1 According to tables published by the Wrights (U. S. OeoL Surrey BaU. 847, p. 29, 
1008), the mean at Port Angeles, Wash., is 46.1'' F., and at Wrangell, Alaska, 43' F. 
The mean near Ketchikan Is probably between the two, or about 45* F. 

> Tastes distinctly of hydrogen solphlde but has no appreciable odor. Samite coUected 
June 16, 1915, by G. A. Waring ; analysed by S. C. Dinsmore. 

* Calculated. 
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ent in the water, together with sulphates, as it issues at the spring. 
During the time intervening between the collection of the water 
sample and its analysis, however, original sulphides may have become 
oxidized to sulphates and possibly some sulphate changed to sulphide. 
On this account the separate laboratory determination of sulphide 
was not made, all sulphur being reported as sulphate. 

SULPHUR SPRINGS ON PRINCE OP WALES ISLAND. 

W. G. Weigle, of the Forest Service, reports that sulphur springs 
(94) issue on the northwest shore of Prince of Wales Island, border- 
ing El Capitan Passage. The flow is said to be about 15 gallons a 
minute of strongly sulphureted water. No spring deposits are re- 
ported, nor is the water believed to be notably mineralized except by 
the sulphide gas. 

The rock formation of the locality has not been examined in detail 
by the United States Greological Survey, but reconnaissance studies 
show that the region consists of limestones, slates, schists, and other 
rocks of Carboniferous and older geologic age, intruded by masses 
of granitic rocks.^ Such an intrusive mass occupies a considerable 
area on each side of El Capitan Passage, and may account for the 
issuance of the sulphur water. The position of the springs with 
respect to the contact zone between the old sediments and the intrusive 
granite was not learned. 

SULPHUR SPRINGS NEAR MOUNT EDGEGUMBB. 

Greorge Willett, of the United States Biological Survey, reports 
that there is a seepage of mineralized water (90) on the rocky beach 
near the base of Mount Edgecumbe, at the southern end of Kruzof 
Island, about opposite the islet of St. Lazaria. 

The springs are covered by the highest tides, however, and the flow 
is too small to make it of more than local interest The water has 
the characteristic odor of sulphureted hydrogen, but it appears not to 
be strongly mineralized. 

The springs issue from the recent lava and volcanic tuff of Mount 
Edgecombe, which covers the southern portion of Klruzof Island.* 
The sulphide constituents in the water may be derived from sulphur 
compounds in tuffaceous phases of the rock, or it is possible that 
hydrogen sulphide gas is given off in small quantities and is taken 
directly into solution by the spring water. 

^Wright, F. E., and Wright, C. W., The Ketchikan and WrangeU mining districts. 
Almska : U. S. Geol. Surrey Boll. 847, pi. 1, 1908. 

•Knopf, Adolph» The Sitka mining district, Alaska: U. S. Geol. Survey Bull. 504, 
pL 1, 1912. 
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SULPHUR SPRINGS ON BERING RIVER. 

G. C. Martin,^ of the United States (Geological Sorvey, has noted 
cool sulphur springs (50) of moderate flow, which issue for a dis- 
tance of nearly a mile along the north bank of Bering River near 
its mouth. W. G. Weigle, of the Forest Service, also reporCed to 
the writer the presence of a number of sulphureted springs in the 
neighborhood of Bering River and Bering Glacier. None of these 
springs appears to have received special notice from either the whites 
or the natives, and little if any use has been made of the mineralized 
waters. 

The rock formation of the locality is composed of shales and 
sandstones of Tertiary geologic age that yield seeps of oil at some 
points.* In such rocks in other regions sulphur waters are fairly 
common, so their presence in the neighborhood of Bering Glacier 
is not unusually remarkable. 

SUIiPHUR SPRINGS NEAR ILIAMNA LAKE. 

Cool sulphur springs (80) have been observed by C. E. Giffin, of 
the United States Geological Survey, on a small creek near the 
eastern end of Iliamna Lake, in the eastern part of the Alaska 
Peninsula. The water is rather strongly sulphureted, but special 
attention was not paid to the other characteristics of the springs. 

According to reconnaissance studies of the geology of the regioa, 
the springs issue in an area of basaltic lava of Tertiary age, which 
covers a number of square miles near the eastern end of the lake.' 
The relation of the sulphur water to the basalt is not clear, though 
it is possible that exhalations of hydrogen sulphide, representing a 
final stage in the volcanic activity, may supply the sulphide con- 
stituents in the water. 

SULPHUR SPRING NEAR LITTLE SUSITNA RIVER. 

A strong-smelling sulphur spring (49) near Little Susitna River 
has been visited by C. E. Giffin, of the United States Geological Sur- 
vey. The water bubbles up from a hole perhaps an inch in diameter, 
in a marshy area near the river. Its temperature was not measured, 
but it is cool, and no algal growths nor deposits of mineral matter 
were observed. 

The rocks of the region consist mainly of a series of sandstones 
and shales of Tertiary geologic age, which in places contains beds of 

1 Martin, G. C, The petroleum fields of the Pacific coast of Alaska : U. S. Geol. Sar«y 
Boll. 250, p. 22, 1905. 

'Idem, pi. 8. 

'Martin, G. C, and Kats, F. J., A geologic reconnalasance of the ni^mn^ regloB, 
Alaska : U. S. Geol. Sorvey Bull. 485, pL 2, 1912. 
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*oal.^ Sulphureted waters are fairly common in such sedimentary 
rocks, and sulphur springs probably issue at other places in the basin 
^t the Little Susitna. 

SULPHUR SPRINGS NEAR SKILAK LAKE. 

F. H. Moffit, of the Geological Survey, has observed seepages (48) 
of cool sulphur water on the western portion of the southern shore 
af Skilak Lake, on Kenai Peninsula. The springs were found by 
whites largely because they have been resorted to by moose as drink- 
ing springs or mineral licks. Himters have built a small cabin 
near by, in which to wait for the game. 

The water probably issues from glacial and terrace gravels overly- 
ing lignite-bearing clays and soft sandstones of Tertiary age.^ 

" Sheep licks," where mineralized earth is found, are reported at 
a number of places on the mainland of Alaska. One such locality 
is about 70 miles south of Nenana, near the line of the Government 
railroad that is being built from Seward to Fairbanks. This lick 
has afforded a good place to shoot wild sheep, but so far as reported 
there is no appreciable amount of sulphureted or other milieralized 
water. 

SULPHUR SPRING ON ELDORADO CREEK. 

J. D. Courtney, who formerly resided at Glacier, in the Kantishna 
River basin, southwest of Fairbanks, reports that cold sulphur 
water (41) issues 21 miles south of Glacier, on Eldorado Creek 1^ 
miles above its junction with Moose River. A large flow of water 
rises on the right edge of the creek. The run-off channel is rust- 
colored with iron oxide, and the water is therefore probably car- 
bonated as well as sulphureted, for iron is commonly deposited in 
this manner from carbonated waters, on the escape of carbon dioxide. 

The region is known from reconnaissance studies to be largely 
covered by deposits of gravel of Quaternary geologic age, but south 
of Glacier a considerable area of schist is exposed.^ It is probable 
that the sulphureted and carbonated water rises through a fissure 
in the schist, though the surface may be covered by glacial gravels. 

SULPHUR SPRING NEAR NENANA RHTR. 

F. H. Moffit, of the United States Geological Survey, has noted 
a small mildly sulphureted spring (43) near Yannert Fork of 

^Martin, G. C, and Kats, F. J., Geology and coal fields of the lower Matanoska 
Villey. Alaska : U. S. OeoL Survey Bull. 500, pi. 8. 1912. 

■Martin, G. C, Johnson, B. L., and Grant, U. S., Geology and mineral resources of 
Kenai Peninsula, Alaska: U. S. Geol. Survey Bull. 587, pi. 3, 1915. 

• Brooks, A. H., The Mount McKinley region, Alaska : U. S. Geol. Survey Prof. Paper 
70, pi. 9, 1911. 
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Nenana Biver. The water is cool and not unpleasant for drinking, 
and the spring is regularly used as a drinking place by animak 

The spring is in an area of glacial gravels overlying conglomerate, 
graywacke, and shale of Eocene geologic age.^ The water prob- 
ably rises through a shaly bed, as such rock usually contains more 
or less sulphur-bearing material. 

SULPHUR SPRING NEAR PLATINUM CREEK. 

A spring (44) similar to that near Nenana River, that is more 
easily found as the trails of wild sheep and other large animals lead 
to it, has been noticed by Mr. Moffit near Platinum Creek, a tributary 
of Nabesna Giver. The temperature of this spring is not unusual, 
but the water appears to be rather strongly mineralized, possibly 
by sulphates and other alkaline constituents rather than by sulphides, 
and it was discovered largely because it is used as a lick by the sbe^. 

The spring issues in a locality of slates and other sediments of 
Carboniferous geologic age.* The water comes forth from the rock, 
well above the creek channel, probably from slaty material 

dULPHUR SPRINGS ON GOAL CREEK* 

Fred Brentlinger, of Circle, reports sulphur springs (35) abont 
50 miles southeast of Circle, on Coal Creek, 4 miles above its junction 
with Yukon River. The flow of water is miall, but the sulphureted 
odor is very evident for a distance of 50 yards or more down the wind. 

Reconnaissance studies of the geology along the lower portion of 
Coal Creek * indicate that the water probably issues from the tocUss 
of Paleozoic geologic age that border the northwest side of the 
stream. 

SULPHUR SPRINGS SOUTH OF GHICLB. 

C. H. McCartney, who has prospected in the region south of Circle, 
reports small, distinctly mineralized springs on the east side of 
Yukon River, about 15 miles above the town. The water issues on 
the slope near the river, half a mile below a prominent exposure of 
yellow material that is probably volcanic tuff. From the description 
given by Mr. McCartney of the taste of the water, it is probably 
rather strongly sulphureted, and may also contain unusually high 

1 Mofflt, F. H., The Broad Pass region, Alaska : U. S. Geol. Survey Bull. 608. pi. 2. 
1915. 

>Mofflt, F. H., and Knopf, Adolph, Mineral resources of the Nabesna-Whlte RlTer 
district, Alaska : U. S. Geol. Survey Bull. 417, pL 2. 1910. 

* Prindle, L. M., A geologic reconnaissance of the Circle quadrangle, Alaska : U. & 
Geol. Survey Bull. 588, pi. 2, 1918. 
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amounts of alkaline salts. The substances in solution may be derived 
directly from the volcanic tuff, as such material often contains 
sulphates and other soluble salts. 

SULPHUR .SPRINGS NEAR IGNAK RIVER. 

E. de K. LeflSngwell, who has spent several years in exploration 
along the Arctic coast of Alaska, has noted two small sulphur 
springs (1) near Ignak River, about 6 miles above its junction with 
Canning River and 50 miles from the coast. 

The springs issue respectively on the north and the south sides of 
a small drainage divide in a swale at the west end of Sadlerochit 
Mountains, at an elevation of 600 or 700 feet. The waters of these 
two springs are probably appreciably above the normal summer tem- 
perature of the surface waters, for they emerge beneath snow banks 
and keep narrow strips of ground bare of snow for several yards 
below their points of issuance. 

The springs are in a region that is probably composed largely of 
Cretaceous sediments.^ The sulphureted water possibly issues from 
a shaly bed in the Cretaceous sediments, for such rocks in many 
places contain sulphur compounds and yield sulphur waters. 

IRON SPRINGS. 

Although iron waters, or waters in which there is either a consid- 
erable precipitate of rust-colored iron oxide or a growth of the iron- 
secreting vegetable organisms, Crenothrix and its allied forms, are 
common in Alaska, only three springs of cold water containing nota- 
ble deposits of iron oxide were observed by or reported to the writer. 

Richard Creighton, of Fairbanks, told the writer that springs (37) 
yielding water "red as blood" issue from conglomerate on Michi- 
gan Creek opposite Nation River, on the south side of Yukon River 
50 miles below Eagle. The water has been used to a slight extent 
by proq)ectors as a mineral water, but it tastes so strongly of iron 
as to be unpalatable. 

Near the right bank of Chena River, about 6 miles above the mouth 
of Colorado Creek, a small creek or slough (28) contains a thick 
deposit of iron oxide. It is beside the trail between Fairbanks and 
Chena Hot Springs (29) , and has been observed to remain unfrozen 
throughout the winter. The summer temperature of the water, how- 
ever, is not abnormal. 

John Vachon, merchant at Tolovana, reports a spring (26) of 
bad-tasting water one-quarter of a mile above the village, on the 

^ Brooks. A. H., The geography and geology of Alaska : U. S. Geol. Survey Prof. Paper 
46. pL 21. 1906. 
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opposite bank of Tanana Eiver. (See fig. 10, p. 58.) The spring is 
accessible only at low-water stages of the river, when a brown scum 
and deposit form that are very probably of iron hydroxides. This 
water doubtless issues from the clay and fine sand of the river valley, 
and the iron may be derived directly from an iron-bearing clay. 

Iron- water seeps, or pools containing iron deposits, were noted by 
the writer at several places, but they appeared to be more common 
in the northern moss-covered regions than in the southern timbered 
sections. Iron water seemed to be especially common on Seward 
Peninsula along small creeks in the tundra area between Iron Creek 
and Nome. Iron Creek was so named, however, because of the abun- 
dant nodules of iron ore in its upper course, and not because it con- 
tains flocculent deposits of iron oidde. The presence of iron in the 
surface waters at and near Nome is shown by deposits of the brown 
hydroxide and by iridescent fihns of the oxide in pools and along the 
gutters. Iron .pipe and other iron articles seem to rust very quickly 
at this place. In the early days, before a water supply was brought 
down to the town from ** Moonlight Springs,'' a small lake 3 or 4 
miles away (see analysis 4, p. 108), domestic water was obtained from 
shallow pools in the tundra. It is said that a prospector who left his 
water pail partly filled while away from his cabin for a week or two on 
prospecting trips was often surprised on returning to find that a pale 
rust-colored, stringy or slimy growth (of iron-secreting Creriothrix) 
had been formed in the pail during his absence. Crerwthrix develops 
especially well in waters that contain iron and organic matter, and 
the tundra water near Nome apparently contains both of these sub- 
stances in amounts amply suited to the needs of the organism. 

In the more northerly part of Seward Peninsula iron water is 
found at many places. A small stream 2 miles south of Teller con- 
tained a considerable deposit of iron in the summer of 1915. The 
iron deposits at the carbonated springs near Bering (6), 3 miles 
•farther south, have already been mentioned, and also a deposit of iron 
at Kruzgamepa Hot Springs (13), a number of miles to the east. 

The gravelly shore of Yukon River near Kokrines is in places 
cemented into a conglomerate by iron oxide that is evidently de- 
posited by iron-bearing waters that seep from the adjacent banks. 

Along small stream channels near the trail that leads northward 
from Kokrines to Melozitna Hot Springs (20) many seepages of iron 
water were seen issuing from the black muck and fine alluvium of the 
creek valleys. 

On Little Chena River near Charles Main's roadhouse, 13J miles 
east of Fairbanks (see fig. 8, p. 55), the river gravel is deeply iron 
stained, apparently by water that seeps from the nearly vertical 
banks between which the stream has entrenched itself 
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At several places along the margins of Tatalina Biver a short dis- 
tance above its junction with Tolovana River (see fig. 10, p. 58) 
there are also iron seepages from the bordering gravel banks. 

Three wells have been sunk at Tanana, 10 or 15 yards back from 
the bank of Yukon River. All yield very cold water (33° to 34° F, 
in August, 1915). Each well is housed, equipped with a hand pump, 
and used for domestic supply. Two of the wells yield good water, 
but the central one, in front of the Tanana Commercial Co.'s store, 
furnishes water that is locally considered very hard. The analysis 
of water from this well (analysis 1, below) and analyses of water 
from a well at Anvik and from Yukon River show that the Tanana 
well water, although it resembles the river water in being of the 
calcium carbonate type, is very different in mineral content The 
well water contained about four times as much mineral matter as 
the river water taken a few miles upstream on the same date, and 
chloride was a fairly large constituent of the well water, though a 
very small one in the river water. The well water was similar in 
character and mineral content to the water of a well at Anvik mis- 
sion, 400 miles downstream. The Anvik water contained a consider- 
ably greater proportion of chloride, which may have been derived 
in part from salt water that infiltered from the river bank, where 
salmon were being salted and packed. The presence of borax in the 
Tanana well water and its reported absence from the Anvik water 
are worthy of mention. 

Mineral analyses of waters from Yukon Hirer 6a»fn, Alaska. 
[Parts per mlUion except as otherwise designated.] 



Constituents. 



BflScafSlOs) 

Iron(F«) 

Aluminum (Al) 

Calclum(Ca) 

Magnesium (Mg) 

8ocfiuni(N») 

Potasslom (K) 

Carbonat« radicle (COi) 

Bicarbonate radicle (HCOj)., 

Sulphate radicle (8O4) 

Chl(i!deradlcle(ri) 

Nitrate radicle (NOg) 

Borate radicle (B4O7) 

Totel8oUdaatl80»C 

Suspended matter at iso C. 

Temperature (• F.) 

Chemical character 



1 



23 
2.7 
1.5 
116 
33 
9.4 
2.4 
.0 
387 
7.8 
60 
1.5 
Present. 
438 



35 
Ca-CO, 



72 
5.0 
2.3 
128 
38 
25 
10 
.0 
456 
4.3 
78 
Trace. 
.0 
553 



38 
ra-CO, 



8.8 
.20 



30 
6.0 

5.4 

Trace. 

103 

14 

Trace. 



124 
235 

62.5 
Ca-C0| 



1. Well In front of Tnnnna Commorclnl Co.'s store, Tannna. Deposlfs iron. Sample 
collected July 19, 1915. bv <i. A. Waring; analvzed by 8. i\ IMuBmore. 

2. Well at Anvik MIsMion, Anvik. Sample collected Aug. 21. 1915, by O. A. WariUK ; 
analysed by S. C. Dinsmore. 

3. Yukon Uiver 12 milos above Tannna. Sample collected July 19, 1915, by G. A. 
Waring ; analyzed by R. B. Dole and Alfred A. Chambers. 

86132'^— W8P 418—17 7 
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SALT SPRINGS. 

Only one locality (11) of salt springs in Alaska was reported to 
the writer. This is between 3 and 5 miles downstream from Arctic 
Hot Springs (12), where W. S. Thompson, of Kokrines, says there 
are a nmnber of salt-water springs. This region is known to con- 
sist of altered rocks, largely limestones, slates, and schists of Silu- 
rian and Ordovician age.^ The salt springs probably issue from 
slates, as these altered sedimentary rocks are more apt to contain salt 
than are the other known rocks of the vicinity. 

Only two other springs were noted whose waters are notably salty. 
These are Kruzgamepa Hot Springs (13), on Seward Peninsula, and 
Sitka Hot Springs (92), in the southeastern part of the Territory. 
At the former spring the water contains 3,450 parts per million of 
chloride and tastes distinctly salty ; and several patches in the lowland 
near the creek below the springs are whitened by a saline efflorescence. 
(See PI. VII, A, p. 74.) 

At Sitka Hot Springs, though the water is distinctly salty to the 
taste and contains 2,740 parts per million of chloride, no deposit was 
noted, nor is one probably formed, as the rainfall in the vicinity is 
so abundant as to keep the surface well washed. 

The Kruzgamepa Hot Springs are in a flat river valley, about 12 
miles in a direct line from tide water and perhaps 100 feet above sea 
level. Sitka Hot Springs are only 75 to 125 yards from salt water, 
but issue 55 to 80 feet above high-tide limit. In neither place does 
it appear probable that the salt is derived from sea water, however, 
as the chemical composition of the spring waters does not admit of 
such an hypothesis. 

1 Collier, A. J., A reconnaissance of the northwcstem portion of Seward Pcninsala, 
Alaska: U. B. Geol. Survey Prof. Paper 2, pi. 8, 1002. 
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CHEMICAL CHARACTER OF SOME SURFACE 
WATERS OF ALASKA. 



By BiCHABD B. Dole and Alfred A. Chambers. 



OENERAIi CHARACTER OF SURFACE WATERS. 

This short report brings together the available analyses of Alaskan 
surface waters in order that they may serve as a nucleus for ampli- 
fying the rather meager knowledge now at hand regarding the 
chemical composition of streams in a subpolar region. Most of the 
analyses represent samples collected by exploring parties of the 
United States Geological Survey in 1914 and 1915. Seventeen spot 
samples from different points in Yukon River and several others 
from large or potentially important tributaries of that stream were 
collected in the summer of 1915 by G. A. Waring. The surface 
waters of Seward Peninsula were sampled by H. M. Eakin in 1914, 
and a few other waters from widely separated localities have been 
examined. Samples of water were collected daily from Yukon River 
at Anvik, from August 23, 1915, to April 19, 1916, and from June 14, 
1916, to August 16, 1916, and the analyses of these samples will form 
part of a special report on the quality of the surface waters of 
Alaska. 

The few analyses available for this report show a favorable con- 
dition of the surface waters. They indicate that the streams in 
general yield supplies moderate in mineral content, low in chloride 
and sulphate, and essentially calcium carbonate in character. All 
the supplies tested are low enough in mineral matter to be useful 
for domestic and industrial use, and they resemble in composition 
the least mineralized waters of the United States. 

YUKON RIVER, 

CHABACTEB OF THE BASIN. 

The climatic and geologic conditions in the basin of Yukon River 
are particularly interesting in a study of the quality of the water. 
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The basin * is bounded on the north, southwest, and east by ranges of 
high mountains, some glacier covered, all generally above the timber 
line. The mountains west and south of the upper basin consist 
largely of granitic, volcanic, and other slightly soluble silicate rocks. 
So far as is known the sedimentary rocks of these ranges are 
arenaceous rather than calcareous. The mountains on the north cod- 
eist of sedimentary rocks with perhaps a greater proportion of 
limestone than those on the south. 

Approximately two-thirds of the drainage basin between the bor- 
dering ranges is a dissected plateau that is deeply covered by mica 
schists, quartz schists, quartzite, some limestone, and considerable 
areas of granitic intrusives. The annual precipitation is relatively 
low. At White Horse, Yukon Territory, it is 8 to 10 inches; at 
Eagle, Alaska, about 12 inches, more than half of which occurs in 
June, July, and September; and at St. Michael, near the mouth of 
the Yukon, about 22 inches. The mean annual temperature at Eagle 
is 24° F. and the mean monthly temperature ranges from 24° below 
zero in January to 58° in June," 

As a result of the high elevation and the paucity of the rainfall 
timber is not abundant on this plateau. The surface is generally 
covered with a dense growth of moss, grass, and similar vegetation, 
which readily absorbs and retains much of the precipitation, thereby 
reducing the immediate run-off and the water available for slow per- 
colation into the deeper strata. In addition to this the subsoil and 
alluvium throughout the basin and on Seward Peninsula are perma- 
nently frozen to bedrock. Excavations made at Fairbanks, for ex- 
ample, have shown that permanent frost exists to depths of more than 
300 feet. Though there are small areas in which ground water circu- 
lates to some extent, these peculiar frozen conditions result in a gen- 
eral absence of the circulating ground water that contributes so 
markedly to the mineral content of streams in regions of higher 
temperature and more humid conditions. Consequently, the per- 
ceptible effects of erosion are largely confined to the exposed bed- 
rock on the crests of ridges and mountains and to the local deposits 
along the rivers. The smaller streams have cut to bedrock, which j 
they are now eroding, but the beds of the larger streams are filled ^ 
with alluvium, and bedrock is exposed in but few places along 
them. I 

* Brooks. A. H., The geography and geology of Alaska : U. S. Geol. Survey Prof. Piper i 
45, 1900. 

« Porter, E. A., and Davenport, R. W., The discharge of Yukon Biver at Bagle, Alafks 
U. 8. Geol. Survey Water-Supply Paper 845, pp. 68-70, 1915. 
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MTTTRRATi ANALYSES OF WATEB OF YUKON BIVEB. 

The following table gives the results of analyses by R. B. Dole and 
A. A. Chambers, in the laboratory of the United States Geological 
Survey, of 17 samples of water from Yukon River, collected by G. A. 
Waring during July and August, 1915. The analyses were made in 
accordance with the methods outlined in Water-Supply Paper 236.* 
Though great accuracy could not be attained in some of the deter- 
minations, as each sample measured less than 2,000 cubic centimeters, 
the results are reasonably precise and concordant. 

^ Dole, B. Bm The quality of surface waters in the United States : Part I, Analyses 
of waters east of the one hundredth meridian : U. 8. GeoL Surrey Water-Supply Paper 
SSf^ pp. ^-2^ 1908. 
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The analyses are arranged by source in consecutive order down- 
stream and represent the general character of the river water from 
Whitehorse, near the headwaters in Yukon Territory, Canada, prac- 
tically to tidewater below Andreafski, Alaska, a distance of more 
than 1,800 miles by river. (See PI. I.) As the samples were col- 
lected in midsummer within a period of 50 days, they represent 
fairly well the various changes that the water undergoes because of 
the entrance of large tributaries and seepage from rocks of different 
character. From Whitehorse to Selwyn the suspended matter in 
the water ranged from 10 to 32 parts per million, and was organic 
and rather flaky. The content of dissolved matter ranged from 59 
to 84 parts per million, with a progressive increase downstream, and 
the type was essentially calcium carbonate, with very little sulphate 
and almost no chloride. The water in this upper stretch closely re- 
sembled that of many mountain streams in New England, northern 
Minnesota, and western Washington and Oregon, where hard, crys- 
talline, difficultly soluble rocks, such as granite, gneiss, and basalt, 
abound. Below Selwyn the mineral content of the water was mate- 
rially changed by the entrance of White River, a l?irge, muddy 
stream draining part of western Yukon Territory, and the first tribu- 
tary that contributes a large volume of drainage from glaciers. The 
suspended matter jumped to 1.100 parts per million, and calcium, 
carbonate, sulphate, and dissolved matter each increased as much as 
60 per cent. These amounts were maintained in fairly regular man- 
ner thereafter to the mouth of the river. This striking alteration in 
mineral content indicates the entrance of water from areas subject 
to increased erosion. So far as the geology has been studied there 
is nothing to indicate that the lower part of the basin contains any 
greater proportion of limestone than the upper part. The deposits 
of volcanic ash that exist throughout the upper basin * and are espe- 
cially thick in the basin of White River may have an important 
influence on the suspended and dissolved matter of these streams. 
Though the entrance of Stewart River from the east above Dawson 
reduced somewhat the effect of White River, little change was ap- 
parent from the entrance of Porcupine River at Fort Yukon and 
Tanana River at Tanana. Tanana River has many tributaries in 
the higher ranges and contributes water from glacial sources. The 
content of suspended matter regularly increased below the mouth of 
Tanana River from 285 parts near Tanana to 610 parts per million 
below Andreafski. 

The 14 samples collected above the mouth of Tanana River con- 
tained too little chloride to titrate in 250 cubic centimeter samples 

^Capps, 8. R., Ad ancient volcanic eruption In the upper Yukon basin: U. S. Geol. 
Survey Prof. Paper 95, pp. 5^-64, 1915. 
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concentrated to 25 cubic centimeters. The presence of a trace of 
chloride was demonstrated, however, by a slight cloudiness with 
silver nitrate in a 1,000 cubic centimeter composite sample concen- 
trated to 100 cubic centimeters. The content of chloride increased 
progressively downstream below the mouth of Tanana River, and the 
increase doubtless represents the effect of cyclic or wind-borne salt 
from the ocean. The last three stations at which samples were col- 
lected are, respectively, 250, 85, and 35 miles in a direct line from 
Bering Sea, and the chloride contents of the river water at these 
stations were, respectively, 0.5, 0.8, and 0.8 part per million. 

Much of the suspended matter is very fine and difficult to remove 
by filtration. It is gray and sticky and fuses in the blast to a brown 
glass. Rough analyses of the suspended matter, apparently clay, 
in three samples gave the approximate percentage compositi(m: 
Silica (SiOj), 40; ferric oxide (FcjOs), 10; aluminum oxide (Al^Oj), 
18; calcium oxide (CaO), 12; loss on ignition and undetermined, 20. 

CHEMICAI. COMPOSITION 07 WATSB 07 YUKON BIVER. 

The chemical composition of the water of Yukon River in its 
headwater and lower sections is shown in the following table by 
figures computed by averaging the results, respectively, of the first 4 
and the last 13 analyses in the preceding table. For comparison the 
analysis by George Steiger, of the U. S. (Geological Survey, in 1905, 
of a sample from Yukon River at Eagle, is added.^ 

Average chemical composition of water of Yukon River, 



Constitueata. 


Parts per milUon. 






1 


2 


3 


1 


2 


3 


Suspended matter at IflO* C 


20 
71 
10 

.03 
16 
3.0 
3.8 
.0 
60 
7.0 
Tr. 


534 
132 
9.4 
.10 
28 
6.0 
&9 
Tr. 
103 
16 
.03 








Dissolved matter at IW)* C 


98 
7.6 

4.6 
6.0 

"ii** 

11 
.4 








8Uica(8iO,) 


14.2 
.0 

32:9 
4.8 
6.6 

4219 


&1 

.1 

M.1 

&a 

&0 

43.6 


7.8 


IronfFe) 




Calcium (Ca) 


22.S 


Mamesinm ( Vp) 


4.7 


Sodium and potassium (Na+K) 


6.1 


Carbonate radicle (CO,) 


413 


Bicarbonate radicle ( HCOi) 




Sulphate radicle (SO4) 


ia3 

.0 


13.9 
.0 


10.8 


Chloride radicle (CI) 


.4 







1. Average of f^rst 4 analyses by Dole and Chambers. 

2. Average of last 13 analyses by Dole and Chambers. 

3. Analysis by George Steiger. Aluminum oxide (AIsOs), l.R parts per milllao or 1^ per cent. 



« Clarke, P. W., The data of geochemistry, 3d ed. ; tJ. 8. Oeol. Survey Bull. 616, p. 86» 
1916. 
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All three sets of figures are concordant, and they represent a cal- 
cium carbonate water low in mineral content. The river water below 
the mouth of Stewart River averages about 102 parts per million, 
or 0.85 pound per 1,000 gallons in its content of scale-forming mate- 
rial, excluding the suspended clay; the scale- forming material, in- 
cluding the clay, amounts to about 640 parts per million, or 5.3 
pounds per 1,000 gallons. The chief result of the use of this water 
in boilers would be the deposition of soft sludge that could readily 
be blown out. It would be more economical to allow the mud to 
settle in tanks before introducing the water into boilers than to use 
the muddy water. The water would not cause foaming or corrosion 
under normal conditions. 

DISCHABGE OF YUKON BIVEB. 

The total drainage basin of Yukon River covers 320,000 square 
miles according to Brooks,* who has also published estimates of the 
discharge, ranging from 96,000 to 436,000 second-feet, respectively, 
at low and high water stages. The mean discharge* of Yukon River 
at Eagle, Alaska, during the 3-year period 1911-1913 was 73,200 
second-feet, and the drainage basin above that point covers 122,000 
square miles. If the discharge at the mouth is proportionate to that 
at Eagle, the average discharge at the mouth is about 200,000 second- 
feet. If the average discharge is 200,000 second-feet, the average 
content of dissolved matter 122 parts per million, and the average 
content of suspended matter 500 parts per million the river carries 
annually into Bering Sea 98,000,000 tons of suspended matter and 
24,000,000 tons of dissolved matter, equivalent to 1,600 millionths •* 
of an inch as suspended and 380 millionths of an inch as dissolved - 
matter each year, or about 2 thousandths of an inch total. The^' 
average rate of denudation in the United States is equivalent to 
490 millionths of an inch as dissolved matter and 890 millionths of 
an inch as suspended matter,' or about 1.4 thousandths of an inch 
total. It appears, therefore, that the removal of material in solution 
is progressing somewhat more slowly in Alaska than in the United 
States, because of less precipitation and less underground circulation 
of water. The estimate of removal as suspended matter is doubtless 
too high ; the analyses on which the estimate is based were made on 
samples collected in summer, and it is understood that the stream, in 
its lower portion at least, carries very little suspended matter in 
winter. 

» Brooks. A. H., The geography and geology of Alaska : U. S. Geol. Survey Prof. Paper 
46. pp. 64-66, 1906. 

' Porter, B. A.« and Davenport, R. W., The discharge of Yukon River at E^agle, Alaska : 
U. 8. Geol. Survey Water-Supply Paper 845, pp. 67-77. 1915. 

•Dole, R. B., and Stabler, Herman, Denudation: U. S. Geol. Survey Water-Supply 
Paper 284, p. 84. 1909. 
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COMPARATIVB COMPOSITION OP WATERS OP GREAT 
NORTH AMERICAN RIVERS. 

The composition of the water of Yukon River in comparison with 
that of other great rivers of North America is shown in the follow- 
ing table. It resembles that of Columbia and St. Lawrence rivers 
more closely than the others. 

Chemical composition of umters of great North Am^^rican rivers. 



Constituents. 



Parts per millicn. 



Suspended matter 

Dissolved matter 

8nica(SiO,) 

Iron(Fe) 

Calcium (Ca) 

Ifa'Hiesium (Mp) 

Sodium and potassium (Na+ K) . 

Carbonate radicle (COj) 

Bicarbonate radicle (HCO,) 

Sulphate ra''icle (RO«) 

Chloride radicle r I) 

Nitrate radicle (NOi) 



5".4 
122 
9.4 
.10 
28 
6.0 
5.9 
Tr. 
103 
16 
.02 



46 
93 
14 

.05 
16 
4.0 
&3 
.0 
68 
12 
2.6 
.5 



5,354 
707 



92 
23 
113 

2.0 
233 
184 
127 
.7 



2,475 
791 

29 

a3.6 
104 

23 
119 

.0 
178 
228 
164 



600 

166 
11 

b.l3 
32 

a4 

13 
.0 
111 
24 
ft7 
2.6 



Tr. 
134 
&6 
.06 
81 
7.2 
ft.1 
li 
116 
12 
7.7 
.S 



Constituents. 


Percentage of anhydrous residiie. 


1 


2 


3« 


4 


5 


6 


SQicarSiOt) 


14.2 
.0 

22.9 
4.3 
5.5 

42.9 


15.2 
d.l 

17.5 
4.4 
9.0 

37.2 


........ 

3.3 
16 
16.6 


3.8 
a.5 
13.7 
3.0 
15.7 
11.6 


7.1 
d.l 

20.6 
&4 
8.4 

34.7 


5.0 


Iit)n(Fe) 


4.1 


Calcium (Ca) 


316 


liaencsium (Mp) 


Ih 


Sodium and potassium (Na+K) 


i$ 


Carbonat3 radicle (COs) 


45l: 


Bicarbonate radicle (HCOi) 




Sulphate radicle (JiOt) ....'. 


ia2 

.0 


13.1 
2.9 

.« 


26 
18 
.1 


3ai 

21.6 


15.4 
6.2 
L6 


9l2 


Chloride radicle fU) 


S.9 


Nitrate radicle (NOs) 


.2 









« FetOt+AlsOi. 

ft Also Al — a 4 part or 0.2 per cent. 



e P(^rcf ntage of dissolved matter. 
d FejOi. 



1. Average of last 13 analyses of Yukon River by Dole and Chambers, July and August 1915. 

2. Avera-re of 66 analyses of 10-dav composite sampl-'s from Columbia Kiver at Cascade Locks, Orug, 
March, 1910, to Au'nist, 1912, by Walton Van Winkle, U. S. Oeolofical Sur\'ey. 

3. Average of 12 analyses of monthly composite samples from Colorado Uiver at Yuma, Ariz., In 1905, by 
n. W. HMleman. 

4. Avera'^e of 37 analyses of 10-day composite samples of Rio Grande at Laredo, Tex., August, 190S, to 
Au-^st, 1906, by H. W. Heileman. 

5. Avera -e of 52 analyses of weekly samples from Mississippi River at New Orleans, La., April, 1905, to 
May, 1906, by J. L. Pori?r, New Orleans, La. 

6. Avera^eof 11 analyses of monthly .sampl'^sfromSt. Lawrence River at Ogdensburg, N. Y., Scptemto. 
1906, to August, 1907, by R. B. Doleamd M. O. Rob2rts. 

YUKON-TANANA REGION. 

Analyses of 11 samples of water from Tanana River, creeks in the 
vicinity of Fairbanks, and other streams in the Yukon-Tanana region 
are given in the following table: 
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Tanana River drains a large area south of Yiikon River in cen- 
tral Alaska. (See PL I, in pocket.) The water of this stream is 
low in mineral content and calcium carbonate in type. It contains 
almost no iron and little sulphate or chloride. It would form a small 
amount of soft scale in boilers but would not foam or cause corrosion. 
The water is moderately hard, but is far softer than many widely 
used city supplies. The waters of Baker Creek, Chatanika River, 
and Tolovana River are similar to one another in concentration and 
composition and are like the water of Tanana River except that they 
are lower in mineral content. The waters from the North Fork 
of Chena River and from Illinois Creek are particularly low in 
mineral content and typify drainage from silicate rocks. 

Esther Creek enters Cripple Creek, and that stream in turn enters 
Chena Slough, which is a tributary of Tanana River, one of the 
chief branches of Yukon River in central Alaska. These three 
waters are low in mineral content and are good for boiler use, though 
that represented by analysis No. 10 is somewhat less desirable than 
the others because of its relatively high content of sulphate, which 
would render the scale much harder. 

SEWARD PBNINSUIiA. 

Analyses by S. C. Dinsmore of 6 samples of surface water from 
Seward Peninsula (PL I, in pocket) are given in the following table: 

Mineral analyses of loaters from Seward Peninsula, Alaska, 
[Parts per mUUon ; 8. C. Dlosmore, analyst.] 



Constitutnts. 



fllUcaCSiOt) 

Iron(Fe) 

Calcium (Ca) 

Maeaeslum (Me) 

Sooiuxn and potassium (Na+ K )o. . 

Carbonate radicle (COi) 

Bicarbonate radicle ( HCOi) 

Sulphate radicle (B0«) 

Chloride radicle (CI) 

Nitrate radicle (NO,) 

Total solids at 180* C 



6.0 
.02 
9.0 
3.0 
1.0 
.0 

10 
9.0 
8.0 
1.0 

50 



23 

.02 
40 
6.0 
1.0 
.0 
114 

.0 
13 
18 
164 



17 

.02 
48 
6.0 
16 

.0 
178 

.0 
21 

.0 
224 



8.0 
.01 
41 
3.0 
6L5 
.0 
136 
6.0 
6.0 
4.6 
138 



25 

.03 
46 
9.0 
1.0 
.0 
178 
.0 
6.0 
.0 
178 



10 
Tr. 

27 
6.7 
Tr. 
.0 

76 
4.9 

17 

Tr. 

16 



a Calculated. 

1. Sutter Creek near mouth, York region, July 16, 1914. 

2. Dry Creek. 2 miles above mouth, near Nome, July 20, 1014. A mining plant wu In 
operation 2 miles above the sampling point. 

3. Typical water from a pool on the tundra near the mouth of Dry Creek, July 20, 1914. 

4. "MoonllRht SpringH," a surface-water lake, near Nome, July 20, 1914. 

5. I^rge spring at foot of slope below Iron Mine on SInuk River, September, 1914. 

6. Kruzgamepa River opposite Kruzgamepa Hot Springs, low stage, Sept. 2, 1915. 

The first five samples were collected by H. M. Eakin and the last 
one by G. A. Warmg. All these waters, except the first and the last, 
•re similar in composition and appreciably higher in mineral content 
than those from creeks near Fairbanks, and they show the essential 
characteristics of drainage from limestone. They are moderate in 
mineral content and calcium carbonate in type; they contain small 
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amounts of sulphate and chloride but almost no iron. In boilers 
they would deposit a moderate quantity of rather soft scale but would 
not foam or cause corrosion. Analyses 1 and 6 represent waters 
much lower in mineral content. 

LOWE AND COPPER RIVERS. 

Analyses of the water of Lowe and Copper rivers are given in the 
following table. Lowe River, a glacial stream flowing into Port 
Valdez (PI. I, in pocket), drains a region essentially of hard, in- 
soluble silicate rocks and its composition reflects that condition. 
The water of Copper River, flowing into the Pacific Ocean, was very 
muddy at the time of sampling, and is noticeably higher in several 
ingredients than that of Lowe River. 

Mineral analyses of waters of Lowe and Copper rivers. 
[Parts per mlUlon.] 



Calchiin(Ca) 

Hafnefdum (Mg) 

Sodiimi and potassium (Na+K) 

Carbonate radicle (COa) 

Bicarbonate radicle (HCOi). 

Sulphate radicle (8O0 

Chloride radicle (Cl) 

Nitrate radicle (NO,) 

Sa<?pended solids at 180° C 

rHiisolved solids at IW C 

Probable scale-forming constituents <*. 




o Calculated. 

1. Lowe Blver near Valdez. Collected Oct. 20, 1916, by B. L. Johnson ; 8. C. Dlnsmore. 
analyst. 

2. Copper River at Flag Point Bridge (mllo 30) on Copper River & Northwestern R.v. 
Collected Sept. 24. 1915, by P. H. Mofflt ; Alfred A. Chambers, nnalyst. 

STIKINE RIVER. 

One analysis of the water of Stikine River, whose mouth is in 
southeastern Alaska, is given below. The sample was collected June 
20, 1915, by G. A. Waring about 15 miles above Wrangell and was 
analyzed by S. C. Dinsmore. The river is said to be muddy always. 
The content of dissolved matter is very low, and the water represents 
in composition the drainage from rather insoluble silicate rocks. 

Mineral analysis of water frotii Stikine River. 
[Parts per million.] 



Silica (SiC) 15 

Iron (Fe) .5 

Calcium (Ca) 21 

Magnesium (Mg) 3.6 

Sodiumandpotas8lum(Na+K)*> 1.0 

Carbonate radicle (COa) .0 



Bicari)onate radicle (H(H>.) 63 

Sulpliate radicle (SO4) 15 

Chloride radicle (Cl) 1.5 

Nitrate rmlicale (XO^)' Tr. 

Dissolved solids at ISl)" (' 81 



* Calculated. 
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PROFILE SURVEYS ALONG HENRYS FORK, IDAHO, AND 
LOGAN RIVER AND BUCKSMITH FORK, UTAH. 



Prepared under the direction of W. H. Hebron, Acting Chief 

Geographer. 



INTRODUCTION. 

In order to determine the location of undeveloped water powers 
the United States Geological Survey has from time to time, alone 
and in cooperation with State organizations, made siunreys and pro- 
files of some of the rivers of the United States that are adapted to 
the development of power hy low or medium heads of 20 to 100 feet. 

The surveys are made by means of plane table and stadia. Ele- 
vations are based on heights derived from primary or precise levels 
of the United States Geological Survey. The maps are made in the 
field, and show not only the outHnes of the river banks, the islands, 
the positions of rapids, falls, shoals, and existing dams, and the 
crossings of all ferries and roads, but the contours of banks to an 
elevation high enough to indicate the possibihty of using the stream. 
The elevations of the various bench marks left are noted on the field 
sheets in their proper positions. The figures given with the gaging 
stations shown on the maps indicate the elevation of the zero of the gage. 

HENRYS FORK, IDAHO. 

GBNEBAL FBATUBES OF SNAKE BIVEB BASIN. 

Snake River, the largest tributary of the Columbia, rises among 
the high peaks of the Rocky Moimtains in Yellowstone National 
Park, western Wyoming, and eastern Idaho, heading in the divide 
from which streams flow northward and eastward into the Mis- 
souri, southward to the Colorado and the lakes of the Great Basin, 
and westward to the Columbia. From Shoshone, Lewis, and Hart 
lakes, in Yellowstone National Park, the South Fork of the 'river 
flows southward, broadeiiing into Jackson Lake (4 miles wide and 18 
miles long), and passing through Jackson Valley (8 miles wide and 
40 miles long), beyond which, near the Idaho- Wyoming hue, it enters 
a long canyon. In the southern part of Fremont Coxmty, Idaho, it 
receives Henrys Fork, below which it flows southward and westward 
across Idaho to a point near Homedale, near the Oregon-Idaho line, 
where it turns abruptly northward and forms for about 170 miles the 
boimdary between Idaho and Oregon and for 30 miles more that 
between Idaho and Washington. It enters Washington at Lewiston, 
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6 PROFILE SURVEYS IN IDAHO AND UTAH. 

flo¥^ northwest, west, and southwest; and joins the Cohimbia ne^r 
Pasco. 

Practically all the important tributaries of Snake River have tiidr 
sources in the high mountains, which are heavily timbered. The 
most heavily timbered areas are at the head of the river, in the Yel- 
lowstone Park region, the upper areas of Teton, Fall, and Henrys 
Fork in eastern Idaho, and those of upper Boise and Payette rivers 
in central Idaho. 

Precipitation in the Snake River basin ranges from 6 or 8 inches 
in the valley to 50 inches at the head of many of the tributaries. 
The precipitation in the higher altitudes is practically all in the form 
of snow, but the snowfall in the lower valleys, below American Falk, 
Idaho, is comparatively light. During the last few years there has 
been considerable rainfall, and dry farming has been practiced suc- 
cessfully in the valleys in the vicinity of Idaho Falls, Blackfoot, and 
St. Anthony, Idaho. The temperature in these valleys ranges from 
100® in the summer to 35° below zero in the winter; in the Twin Falls 
and Boise valleys the temperature ranges from approximately 110° 
in the summer to zero in the winter. 

The driest year recorded in the drainage basin was 1905; the wet 
years were 1896, 1899, 1904, 1907, and 1909. 

Snake River basin has many feasible storage sites, but only a very 
few have been developed. About 400,000 acre-feet can be stored in 
Jackson Lake by a dam which has been constructed by the United 
States Reclamation Service. The largest site is at Swan Valley, on 
Snake River, and the water available for storage is approximately 
4,000,000 acre-feet. Reservoir sites are found also on Henrys Fork, 
Fall, Teton, Boise, and Payette rivers. Many of these sites will no 
doubt be used at some future time by the United States Reclamation 
Service in connection with the Minidoka and Payette-Boise projects. 

Irrigation has reached a high stage of development in the Snake 
River valley, yet approximately 6,000,000 acre-feet of water annually 
runs to waste. Eventually these flood waters will be stored and used 
to irrigate thousands of acres of arid land. 

The streams afford enormous water powers, but only a few sites 
have been developed owing •to the lack of market. Large power 
plants have been installed at Horseshoe Bend on the Payette, at 
the mouth of the canyon on the Boise, and on Snake River at 
American Falls, Shoshone Falls, Salmon Falls, and at the Minidoka 
dam. Many other smaller plants are also in use. 

The upper drainage basin of the South Fork comprises the timbered 
moimtainous country west and southwest of Yellowstone Lake. Hie 
east side of its valley is bounded by the Wind River Range, from the 
slopes of which it receives a large number of tributaries, and the west 
side by the high Teton Mountains. Most of the drainage from Teton 
Moimtains flows westward through Teton River into Henrys Fork. 
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PROFILE SURVEYS IN IDAHO AND UTAH. 7 

SUBVEYS AND QAjG^INa STATIONS. 

The results of surveys along Henrys Fork in 1915 are presented in 
tie plans and profiles which form Plates I-VIII. 

The United States Geological Siu^ey has maintained gaging stt- 
ions on Henrys Fork at Warm River, Idaho (1910-1916), near Ora, 
daho (1902-1909), in canyon above mouth of Fall River, Idaho 
1890-91), and near Rexburg, Idaho (1909-1916). 

LOGAN RIVER BASIN. 

QENEBAL FEATIJBES. 

LfOgan River rises on the west slope of the Bear River Range, flows 
louthAvest and then northwest, and unites with the Bear near Benson, 
Jtah. Its basin is rough and rugged, the elevations ranging from 
4,500 to 9,000 feet above sea level and the river being confined largely 
to a steep, rough channel in a comparatively narrow canyon. Prob- 
ably three-fourths of the precipitation in this basin is snow, the melting 
Df which supplies the principal part of the spring and summer flow; 
the late simmier and winter flow is derived chiefly from springs, which 
are well distributed over the basin. In its upper course the Logan 
receives many short, swift tributaries. Temple Fork and South 
Fork, which enter, respectively, 10 miles and 15 miles above Logan, 
are perennial streams that furnish one-third to one-fourth of the total 
flow. Blacksmith Fork comes in below Logan. The entire flow of 
this river, after being used to develop power at two electric plants 
near the mouth of the canyon, is diverted for irrigation. None of the 
run-off is stored at present. 

The results of surveys along Logan River and Blacksmith Fork in 
1914 are presented as Plates IX and X. 

QAaiNG STATIONS. 

The Geological Survey has maintained the following gaging sta- 
tions on Logan River and Blacksmith Fork. The stations are 
arranged in downstream order, the position of tributaries being indi- 
cated by indention. A dash after the date indicates that station 
was being maintained June 30, 1916. A period after the date indi- 
cates discontinuance. 
Logan River near Logan, Utah, 1896-1912. 
Logan River above State dam, near Ix)gan, Utah, 1913- 
Logan River below State dam, near Los;an, Utah, 1913- 

Utah Power & Light CJo/s taiirace near Logan, Utah, 1913. 

Logan, Hyde Park, and Smithfield canal near Logan, Utah, 1904; 1906-1907; 

1909; 1912- 
Logan Northern canal near Logan, Utah, 1913- 

Blacksmith Fork above Utah Power & Light Co/s dam near Hymm, Utah, 1914- 
Blackamith Fork at Utah Power & Light Co.*8 plant near Hyrum, Utah, 1914- 
Blacksmith Fork below Utah Power & Light Co.'s plant near Uyrum, Utah, 
1900-1902; 1904-1910; 1914- 
Blacksmith Fork power-plant race near Hyrum, Utah, 1904-1910; 1914- 
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8 PROFILE SURVEYS IN IDAHO AND UTAH. 

public5ations. 

The foUowing publications of the Geological Survey contain 
results of investi^tions of stream flow at the stations indicated in 
preceding lists : 

Henrys Fork: 

Annual Reports: Twelfth, Part II; Thirteenth, Part III. 
Water-supply Papen: 86, 100, 136, 178, 214, 252, 272, 292, 312, 332-B, S62-B. : 
Logan River basin: 

Annual Reports: Eighteenth, Pwt lY ; Nineteenth, P^ lY; Twentieth, Part 

Twenty-second, Part IV. 
Water-supply Papers: 11, 16, 28, 38, 61, 66, 76, 86, 100, 133, 176, 212, 250, 270, : 
310, 330, 360. 

Water-supply papers and other publications of the United Sta 
Geological Survey containing data in regard to the water resources 
the United States may be obtained or consulted as indicated belo 

1. Copies may be obtained free of charge by applying to the Din 
tor of the Geological Sxurvey, Washington, D. C. The edition print 
for free distribution is, however, small and is soon exhausted. 

2. Copies may be piuxjhased at nominal cost from the Superi 
tendent of Docximents, Government Printing Office, Washingto 
D. C, who wUl, on apphcation, furnish hsts giving prices. 

3. Sets of the reports may be consulted in the Ubraries of the pri 
cipal cities in the United States. 

4. Complete sets are available for consultation in the local offic 
of the water-resources branch of the Geological Sxurvey, as foDows: 

Boston, Mass., Customhouse. 

Albany, N. Y., Room 18, Federal Building. 

Atlanta, Ga., Poet Office Building. 

Madison, Wis., care of Railroad Commission of Wisconsin. 

St. Paul. Minn., Old Capitol Building. 

Austin, Tex., Old Post Office Building. j 

Helena, Mont., Montana National Bank Building. I 

Denver, Colo., 403 New Post Office Uuilding. 

Phoenix, Ariz., 417 Fleming Building. 

Salt Lake City, Utah, 421 Federal Building. 

Boise, Idaho, 615 Idaho Building. 

Tacoma, Wash., 406 Federal Building. 

Portland, Oreg., 416 Couch Building. 

San Francisco, Cal., 328 Customhouse. 

Los Angeles, Cal., 619 Federal Building. 

Honolulu, Hawaii, Kapiolani Building. 

A list of the Geological Survey's pubUcations may be obtained I 
applying to the Director of the United States Geological Siunfl 
Washington, D. C. 

o 
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